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PREFACE 


The purpose of this report is to present the results of graduate 
students^ applying the concepts and methodlogy of complex systems design 
using the air transportation system as a research vehicle. The professor, 
manager or student desiring a familiarization of the application of the 
systems approach will find the Summary most useful. If a particular 
reader has a more detailed interest in the methodology or the approach 
as applied to the air transportation system, the Chapters of the report 
should well aquaint him with the necessary material. Finally if highly 
detailed information is required for further study, research or the like, 
the Appendices contain the majority of this form of information. 

Referenced portions of Chapters and Appendices have a listing of 
such references at the end of each. For the benefit of any reader who 
wishes further information on any portions of the report, the responsible 
author(s) of a particular section is (are) listed in the table of contents. 
A list of students who participated in the course may be found in Appendix 
1-B of this report. 

This report owes its completion not only to the students who wrote 
the individual articles, but also to the faculty advisors who offered 
technical advice on some of the problem areas encountered. A special 
thanks is given to the typists Judy Brawdy, Becky Thomas, Judy Richards, 
Jane Gann and Louise Barge and draftsmen Barry Lyon and Tom Wedincamp 
without whose talents a quality report could not be assembled. 

Credit is due the Lockheed-Georgia Company which offered technical 
advice which was most benefical to the progress of this study. A word 
here must also be added in thanks to those lecturers who gave generously 
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of their time to present the class with background information important 
to this project. A listing of these speakers may be found in Appendix 
1-A. 

Finally, the class is indebted for material support given by the 
National Aeronautics and Space Administration, National Science Foundation 
and the schools of Aerospace, Electrical, Industrial and Systems, and 
Mechanical Engineering of the Georgia Institute of Technology. .The 
relevant NASA grants are NGT 11-002-064 and NGR 11-002-081. * NSF support 
came from contract number GU 2161, an institutional grant. 
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SUMMARY 


One of the greatest complex problems confronting our society today 
is the over crowding of the nations air transportation system* The primary 
cause of the system^ s congestion is the ever increasing demand for air 
travel. The major areas of the overall air transportation system need to 
be altered or even revolutionized in order to satisfy this rising volume 
of air passengers. 

The project assignment for the graduate students enrolled in a six 
month interdisciplinary course in Complex Systems Design is entitled ”a 
study of interurban public air transportation for the 1975-1985 period.” 

A systems approach was used. The nature of this problem was determined, 
alternate solutions were posed and measures of effectiveness and cost 
were applied. 

The class was divided into four groups to investigate the basic 
areas of the system: demand and route structure, air vehicles, terminals 

and ground facilities, and air traffic control. The Route and Demand 
group was assigned the tasks of developing route and demand models and 
determining the measures of effectiveness for the system. The Terminal 
group studied passenger and baggage handling, terminal interface trans- 
portation and airport location and configurations. The Vehicle group 
was given the tasks of studying existing aircraft design and proposing 
designs to fulfill the needs of this system. The Air Traffic Control 
group was responsible for analyzing the effects of congestion on air 
traffic flow. 
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III developing a systems analysis for common carrier air transpor- 
tation in the United States, three of the most significant aspects involve 
forecasts for air transportation demand, route selection and assignments 
of aircraft for the forecast period. After a study of the existing models 
for air transportation demand the concept of a travel generator model 
evolved. Such a model generates the demand between two cities based on 
the populations of the two cities and the distance between them- Certain 
other characteristics, such as average income of a city, can also be 
included in the model- Once the demand model was developed, estimates 
for future travel demand were made for 144 urbanized areas throughout the 

United States. This data was then reduced to a sample area of eleven 

> 

cities to comply with restrictions of other models- A comparison of other 
predictions was made to make adjustments for certain regional considerations. 
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The function of the route model is to assign aircraft to specific 
trip patterns to satisfy travel demand. There are three essential groups 
of input data for this model; forecasted demand for each city pair, a list 
of possible flight patterns, and aircraft characteristics such as passen- 
ger capacity, range and speed. The route model provides outputs which 
specify the operations per day by aircraft type at each location and the 
number and flying range of each aircraft type that is necessary to meet 
the total system demand. The procedure used was simply an assignment of 
aircraft to the most direct routes whenever possible, using intermediate 
stops only when demand was not adequate for direct routings. 
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Once the demand has been established and a route configuration 
determined the effectiveness model was utilized to establish the total 
passenger miles the system carried* System effectiveness is measured in 
total passenger miles indicating that measures taken to Increase the 
probability of flying increase the system effectiveness* The model 
includes factors which are responsive to flight frequency and to total 
travel time (door-to-door) * It was hoped that a sensitivity factor for 
cost would be included but this has been omitted* Each system tested was 
forced by the route model to provide service for the projected demand* 
This level of service was then tested by the effectiveness model to 
evaluate the actual passenger loads. 
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The terminal model, a mathematical representation of the terminal 
subsystem, is designed to evaluate the cost effectiveness of various 
alternatives for future airport systems. The primary objectives of the 
terminal model are to determine ground access time to and from the air- 
port or STOL (Short Take-Off and Landing) port, to detemine the total 
construction, design and operations costs for the cities and aircraft 
mixes tested, and to estimate the processing time of a passenger at an 
airport. The secondary objectives of this model are to consider alternate 
ground transportation modes, various terminal configurations and increased 
automation of baggage handling. 

The costs considered were land, terminal buildings, terminal area, 
ground access time, terminal operations and maintenance. The model 
determines costs as functions of port location within an urban area, 
number of passengers, runway configuration and total airport area. 
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DISTANCE FROM CBD-MILES 

A major contributing factor in the development of the terminal 
model is the location of the STOL port within an urban area* The STOL 
port model basically optimizes on the basis of location related costs 
for the 1975-1985 time frame. To develop this model, the average urban 
area trip time from the central business district is used as the ground 
access time for both the airport and STOL port. The trip time is multi- 
plied by the expected mean value of time (dollars per hour) of the average 
air traveler for the period tested. The result is the expected air 
traveler's value of time while in the ground transportation mode of the 
air trip. This is then multiplied by the predicted total number of 
passengers utilizing the STOL port for the design period. This yields 
the STOL passengers^ total value of time involved with ground transpor- 
tation access to the airport or STOL port. 
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The total STOL port procurement and operating costs for the 1975- 
1985 period are based on estimated construction and operating costs and 
predicted urban land values. The sxinmiation of these costs, the total 
ground transportation access costs (passenger’s total value of time) and 
the conventional take-off landing (CTOL) airport related costs yield 
the total terminal costs. The minimum total terminal cost establishes 
the distance from the central business district (CBD) at which the STOL 
port location would be optional. 
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Another element of the terminal model is the process time submodel. 
The four major parameters of the model are: 

1, Time consumed by a passenger moving from an automobile in the 

parking lot or from some public conveyance to the terminal 
checks in point, 

2, Time for ticketing, baggage check-in or baggage claim. 

3. Passenger transit time to the correct gate position. 

4. Time needed for aircraft boarding. 

Boarding time is considered constant using an average boarding 
time for aircraft tested. Baggage check-in and ticket clearance time 
values are knoxm airline threshold times. Baggage claim time is deter- 
mined by the proposed baggage handling system described in this report. 
Functional relationships are used for movement time from a parked auto- 
mobile (or public conveyance) to the terminal and transit time from the 
check-in point to the gate position. 


Xll 


GROUND TRANSPORTATION MODES 

A atimber of ground transportation systems are considered for pass- 
enger transit to and from the terminal. They include conventional rapid 
rail, husways, small buses and automobiles. Additionally several other 
variations were proposed but were not pursued further for lack of infor- 
mation and time. The evaluation of inodes must consider benefits due to 
decreased access time versus the additional terminal cost due to improved 
ground transportation, 

BAGGAGE HANDLING SYSTEM 

The baggage handling system is one which must be automated in 
order to handle the demand of the 1980 *s in large cities. An automated 
baggage system may also reduce passenger delays. Since no fully automatic 
system exists today it was necessary to design one. The designed system 
is modular in concept so that it may be used at terminals of various size, 
A cost model of this system was developed in order to make cost-effective 

decisions as to the degree of automation to be used, 

AIRPORT CONFIGURATIONS 

Three basic terminal units are considered and parametrically 
studied: Satellite, Finger and Open Apron, Each is a complete unit in 

itself and can handle a typical peak hour load of 3600 passengers. Para- 
metric cost equations were developed for each type of terminal subdivision 

(parking, baggage, handling, etc,), 

SATELLITE TERMINAL AND FINGER TERMINAL I 

Each gate position can be reached by intra city transport. 

FINGER TERMINAL II 

This configuration allows the terminal to be built along runways, 

OPEN APRON 

Aircraft require no external vehicular assistance, A subway trans- 
ports passengers between the aircraft and terminal. 
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Through the development of mathematical models, a variety of fixed 
wing STOL turbo prop aircraft designs were provided for integration into 
a projected commercial air fleet of the 1980^s. The procedure employed 
in the air vehicle “design model, was one of iteration of aircraft gross 
weight by variation of wing area to meet selected performance specifi- 
cations* An initial gross weight was computed based on a given passenger 
load, cruise speed, range and a selected minimal wing area* A second gross 
weight was then computed based on this initial gross weight and a more 
detailed summation of component weights required to meet the specific 
performance criteria. Through an iteration procedure, wing area was 
increased incrementally, resulting in new calculations of initial gross 
weights was computed during each loop of the process. The selected 
design for each set of performance criteria was that corresponding to the 
smallest difference in first and second gross weights. 
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Interior design of each aircraft configuration was selected from 
various arrangements of passenger seating ranging from four passengers 
abreast to seven abreast, fuselage length and fuselage width were calcu- 
lated based on these seating arrangements in addition to allowances for 
passenger doers and lavatories. Buffets and cloakroom space could be 
included in interior accomodations with a slight penalty in passenger 
capacity. 

Two mathematical models were developed to provide aircraft cost 
analysis. These cost models provided input to the overall system cost 
analysis . 


Initial Cost 



Initial cost, consisting of development and procurement costs for 
each design configuration, were provided through the use of formulae based 
on aircraft characteristics and number of aircraft projected for production* 
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Direct operating cost, consisting of direct maintenance and flight 
operation costs, was provided through the use of formulae based on air- 
craft characteristics, planned operating range and size of aircraft fleet. 
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Today's air traffic control system is not operating smoothly and 
efficiently. In simple terms, aircraft are flying faster and faster to 
longer and longer waiting lines. This problem has become increasingly 
more evident in the past 12 months. 

PROBLEM: Flight delays in the present air traffic control system 

are excessive and in some cases prohibitive. 

A study of the problem found that the major delays occurred in the terminal 
area. It was determined that reduction of these delays below some accept- 
able limit would satisfactorily alleviate the problem. The design objec- 
tives of the air traffic control group were determined to be: 

1. Design of an air traffic control system capable of accepting 
air traffic loads of the 1975-85 time period. 

2. Design of an air traffic control system such that delay will 
be less than the acceptable limit. 

3. Design of a system that is capable of being tailored to any 
given HUB (a HUB is a flight terminal area) • 

After careful consideration > it was decided that the most practi- 
cal and useful approach would be to use the digital computer to simulate 
the terminal air traffic control area. A fixed runway configuration was 
assumed and the input parameters were varied to establish the resulting 
delay in seconds for the fixed configuration. This delay was established 
with model inputs of demand, aircraft mix, and five critical aircraft sep- 
aration prameters. One model input, demand, which was measured in oper- 
ations per hour, was system capacity when a particular delay criteria was 
specified. Ad di tonally, excess delay was determined to be the result 
of congestion, inadequate procedures and management, and inadequate equip- 
ment and facilities. 


xviij. 



• Airspace 
• NAVAIDS 

CAPACITY -Training 

• DELAY 

• Weather 


SAF ELY 
^ I DEMAND 


• Growth 

• Aircraft 

Mix 

• Aircraft 

Performance 


An air traffic control system should be capable of providing 
adequate capacity. This capacity is predicated on delay criteria and 
the actual system demand. Demand and capacity are both functions of the 
indicated considerations. 


xix 




Improvement Techniques 


Preassigned Departure/Arrival Time 
Speed Class Sequencing 
Path Stretching 

Computer-Aided Approach Sequencing 
A Separation Reduction 


Five basic techniques to improve the air traffic control system 
have been identified. The technique considered in this analysis \<ras 
separation reduction. This technique offers significant opportunities 
for reduction in delays. 



Although many combinations of equipment are possible, three basic 


packages were considered 

PACKAGE 1 

ASR-4 Radar 
ILS Ground Equipment 
VOR/DME Stations 
VOR/DME Receivers 
Altimeters 

ILS Aircraft Equipment 
Transponder 


in this study: 

PACKAGE 2 

ARS-7 Radar 
NAS ’’A" Equipment 
ILS Ground Equipment 
VOR/DME Stations 
Altimeters 

ILS Aircraft Equipment 
Coder Transponders 
VOR/DME Receivers 


PACKAGE 3 

Area Navigation Equipment 
PVOR/DME altimeter 
AILS Ground Equipment 
Coder Transponder 
ARS-7 Radar 
NAS "A" Equipment 
AILS Air Equipment 
VOR/DME 


Package 1 corresponds to the present air traffic control system. 

Each package was compared to the others by parameters of time (T,F,R,C AND A) . ■ • 
These times were based on equipment accuracy in indicating aircraft location 
and on the probability of an aircraft being in a specified area configured 
around the indicated point. 

T - Departure followed by departure time (take off to take off time) 
for two aircraft. 

F - Departure followed by arrival time, 

R - Runway occupancy time for each aircraft. 

C - Time from commitment to land (must touch ground) to over 
tnreshold (end of runway) , 

A - Arrival followed by arrival time. 
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PACKAGES 



1 

2 

3 

C (seconds) 

28 

24,4 

24.4 

T (seconds) 

90 

40.5 

40.5 

F (seconds) 

65 

57.8 

57.8 

R (seconds) 

52 

46.6 

46.6 
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The computer model used in the control systems analysis had two functions* 
The first was to determine delay for each package for varying demand* 



The second fimction was selection of airport configuration most suitable 
for each HUB. 
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For a given number of operations per hour control packages 2 and 3 offer 
substantially decreased delay by allowing reduced separations. 

Delay (SEC) 

k 


C 



T, F, R,C and A AFFECT DELAY 


The greatest benefits may be derived from substitution/innovation of 
equipment or facilities that will improve the time factor A. 
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ADDITIONAL CONTROL SYSTEM CONCLUSIONS 


o The STOL aircraft, as expected, performs more satisfactorily when 

it is scheduled for operations into and out of a 100% STOL airport • 
o The introduction of added runways for use by general aviation re- 

duces delay. This results from the elimination of slower aircraft 
in the general area waiting to land, 
o The introduction of an advanced ILS system will substantially 

increase the level of safety for air traffic, 
o Benefit may be derived from development of related equipment. Items 

of equipment such as fog dispersal devices, runway heating systems, 
aircraft deicers are of this "related equipment" category. This 
effort will contribute to decreased "surges" in the ATC system. 
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ANALYSIS OF RESULTS AND CONCLUSIONS 

One computer run involving 189 alternative solutions was made to 
investigate the effects of four variables on the system. They were: 

1. Aircraft Design Range (STOL) 

2. Aircraft Cruise Speed (STOL) 

3. Aircraft Passenger Capacity (STOL) 

4. Air Traffic Control Package 

Two dependent variables, the system cost and system effectiveness 
were used in making the final design decision. Data from the computer 
output was compared graphically in determining the most cost-effective 
solution. The system chosen incorporated the Lockheed L-1011 Jumbo Jet 
and a 1000 mile design range, 120 passenger capacity, 400 MPH STOL air- 
craft. Terminals were designed to fill the needs of the aircraft mix flown 
to a given city and the present air traffic control system was chosen 
as being most cost-effective. 
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SPEED = 200 


Total System Cost is the sum of the direct operating costs and 
capital recovery for the aircraft, air traffic control system and ter- 
minals for the 1975-1985 period, expanded at six percent interest to 
the compound amount in 1985. Included are developmental and design costs 
for new technology and the cost of passengers’ time. Approximately fifty 
graphical plots were used to graphically record data accumulated. Here 
a plot of total system cost versus passenger capacity for various range 
aircraft is shown with the air traffic control package and cruise speed 
being held constant. In other plots the cruise speed was allowed to vary 
with some other parameter fixed. 
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Analysis of the data graphically plotted was instrumental in making 
final decisions. The total system cost x<»as found to be lowest for the 
larger 120 passenger STOL aircraft. It v^as also most effective. 
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RAN 


In the graph of system effect! 




RANGE (Miles) 


A plot of total system cost versus aircraft design range indicated 
that the system incorporating the 600 mile range aircraft is at a cost 
roughly twice as much as the one incorporating the 1000 mile design range 
aircraft (point B) . 
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RANGE 1000 
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The variance in the total system cost with aircraft design speed 
is also minimized for the 1000 mile design range aircraft. Because of 
the small variation in system cost and effectiveness with aircraft cruise 
speed, the fa's ter 400 mph STOL aircraft was chosen for the system. It 
was also determined that package one, the present day Air Traffic Con-- 
trol System was no less effective than the other two considered and was 
less costly. 
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Some of the indicated results are rather unexpected. It is known, 
for instance, that the present air traffic control system is inadequate 
even today. It must be remembered that these results are based on a 
single computer run, in fact, the first run ever made with all the models 
functioning together . 


Delay 



MIX vs. DELAY 


The air traffic control system might also have changed had the 
demand been higher. The plot of delay versus number of operations 
shows very little difference in delay for the three control packages 
when the number of operations is low. There is, however, a considerable 
difference in delay for the three packages \<ihen the number of operations 
is high. The air traffic control design would most likely have been 
different had congestion been generated. 
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In the system using short range STOL aircraft the terminal costs 
greatly exceeded the aircraft costs, while aircraft costs were slightly 
greater than terminal costs where long range STOL were in the system. 



number of operations is low, the fixed costs of the terminals are pre-- 
dominate. This effect was amplified when short range STOL were in the 
system, requiring many more of the expensive CTOL terminals than the 
long range STOL system requires. The effect was further exaggerated 
by the fact that the CTOL model was written for the moderate to high 
demand of larger cities. Its fixed cost therefore include a tower, 
hangers, fire fighting equipment and the like rather than the runway 
and wind sock required by a very low number of daily operations. The 
STOL port in contrast has a relatively low fixed cost. 
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REFINEMENTS 


■ ALLOW TRANSFERS 

B IMPROVE ROUTE ASSIGNMENTS 

B PROVIDE FOR INTERNATIONAL AND GENERAL 

AVIATION 

B ANALYZE CURRENT SYSTEMS 


It was determined that the simulation would have been more realistic 
had more air traffic been generated. Several refinements which could have 
been made on the models would have increased the traffic and perhaps 
altered some of the final decisions, ,The transfer of passengers between 
flights should be considered and route assignments should be based on both 
aircraft range and capacity. The additional operations imposed on termi- 
nals as a result of general aviation and international flight should be 
taken into account. Finally the current system should be analyzed to 
provide a reference for comparison with a STOL system. 
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CHAPTER 1 


XKTRODUCTION 


1.1 General 

This report on the Interurban Air Transportation System is the final 
product of a six month graduate project in Complex Systems Design con- 
ducted by students of the Georgia Institute of Technology. 

Courses in Complex Systems Design have been offered jointly by the 
Schools of Aerospace, Electrical and Mechanical Engineering at the Georgia 
Institute of Technology since 1967. The first course was initiated under 
the leadership of Drs. Stephen L. Dickerson - School of Mechanical Engineering, 
C. Virgil Smith - School of Aerospace Engineering, and Thomas M. White - 
School of Electrical Engineering. This year Professors Gary W* Draper - 
School of Industrial and Systems Engineering, and Donald W. Dutton - School 
of Aerospace Engineering joined with the originating faculty in guiding 
the class. 

The design project had two primary objectives. The first objective 
was to develop in the students an understanding of the systems approach to 
design and to provide an exercise in its application. The second objective 
was to obtain meaningful results which could provide useful inputs to future 
studies. 

Throughout the investigation and design, emphasis was placed on a 
realistic approach to the problem. Only that technology which could 
reasonably be expected to exist in 1975 was incorporated in the design. 

It is in this respect that the Georgia Tech Complex Systems Design Program 
differs most from those of other engineering schools. 



1.2 Class Organization 


In order to quickly aquaint the students with the problem at hand 
a series of seven seminars on pertinent topics was presented to the class 
by authorities in the field. Appendix 1-A contains a list of the speakers 
and their topics. 

During the initial two weeks of the project, the class, initially 
composed of twenty-five graduate students representing the fields of 
Aerospace, Industrial, Civil, Electrical and Mechanical Engineering and 
City Planning, was divided into two or three man teams for "brain stoming." 
Each team developed what it felt to be the ideal interurban air transportation 
system. 

During the brainstorming period it became obvious that no two students 
observed the same difficulties in air transportation or invisaged the same 
design solution. The class therefore made the following "official" problem 
statement: 


"The problem is to design a transportation system 
to move people and their baggage by air between 
major cities in the continental United States in 
the 1975-1985 period." 

In order to limit the scope of the problem, the general assumptions given 
in figure 1.1 were made. 


ASSUMPTIONS 

o High speed ground transportation was not considered because of 

limited time of study. 

o Of STOL (Short Takeoff and Landing) aircraft, only turboprop 

STOL was considered. 

o Time frame considered was 1975-1985. 

o Mixed fleet of STOL and Lockheed L-1011 was considered as 

representative . 

o Passenger time has a monetary value. 

Figure 1.1 
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In order to insure close study of every phase of the problem, the 
class organized itself into four operational groups. 


CLASS ORGANIZATION 



Figure 1.2 

Each group was to study one of the major components of the air transportation 
system: demand and routes, air vehicles, air traffic control, or terminals 

and ground facilities. Each group elected a group leader and the class as 
a whole elected a project manager. 

It was decided that the six month period would be divided into three 
phases; the initial investigation phase, alternative evaluation phase, and 
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execution and report writing phase. 

New leaders would be elected for each phase. It was also established 
that each group would present a preliminary report at the midpoint of the 
second phase. Finally a report editor was selected and an interface com^ 
mittee was formed to facilitate the flow of information between groups. 


Terminal 

t 1 

^ Interface ^ Air Traffic 

Demand ^ ^ Contol 

-1 1 

Vehicle 


INTERFACE COMMITTEE 
Figure 1.3 

At the end of the final phase, formal presentations of this report were 
offered to various interested groups from government and industry. 

• The Table of Contents contains the authors of their respective 
sections of the report. A list of the graduate participants may he 
found in Appendix 1-B. 
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CHAPTER 2 


SYSTEMS ANALYSIS 

2.1 Systems Approach 

The systems approach to a design problem is one in which all the 
elements of the system to be designed are studied in relation to each 
other and to their enviornment. The combination of elements which renders 
the entire system most cost-effective is implemented. 


REAL WORLD 

PROBLEM 

STATEMENT 

MODELS 

DECISIONS 



( Implemenlafion) 


DESIGN PROCESS 
Figure 2.1 

Figure 2.1 is a diagram of the design process used. The real world 
generates a need. Careful analysis of the need results in the problem 
statement. Mathematical models are used to simulate each element of the 
system and the environment.. These models allow the design team to "operate" 
each possible solution to the problem and to determine the cost-effectiveness 
of each alternative. These facts are considered along with the irreducible 
Intangibles involved and A decision is made on which alternative is to be 
implemented. Implementation of a given alternative generates a new need 
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and the cycle is repeated. 

The iterations made in establishing each design alternative are de- 
picted in more detail in Figure 2.2 below. 


Need 

Problem Statement 

♦ 

^ Problem Evaluation 

Organization and Planning 
' Design 

Synthesis - — i Analysis 

^ t 

Optimization -I 

_Jr_ 

Output 


ESTABLISHMENT OF DESIGN ALTERNATIVES 
Figure 2.2 

The Systems Approach requires a final decision on the designer's 
part which necessarily must be based on fact and judgement. It is a 
fundamental principle of Systems Engineering that judgement should not 
be substituted for available facts. 

2.2 Application to the Air Transportation System 

After analysis of the problem by students both individually and in 
small groups, the formal problem statement was made. 


-6 



”The problem is to design a transportation 
system to move people and their baggage by 
air between major cities in the continental 
United States in the 1975-1985 period*" 

At this point the jobs each group was to perform were well defined. 

The Route Group was to develop models simulating travel demand and route 
structure. This group was also to provide the class with information on 
city populations and land costs. It was the goal of the Terminal Group 
to design and simulate mathematically terminals and ground facilities for 
all forms of aircraft considered. The Air Traffic Control Group was to 
design and simulate mathematically various air traffic control systems and 
runway configurations. The Air Vehicle Group had the job of designing and 
modeling mathematically all the aircraft to be "flown" in the system. 

After each group had an opportunity to study their particular tasks 
for some time the following list was made of the variables to be investigated. 

(1) Aircraft Design Range 

(2) Aircraft Cruise Speed 

(3) Aircraft Passenger Capacity 

(4) Required Runway Length 

(5) Aircraft Mix (The number of aircraft of various 

types flown in the system) . 

(6) Terminal Location within a City 

(7) Terminal Combinations within a City 

(8) Average Aircraft Delay 

(9) Aircraft Separation on Runway 

(10) Runway Separation 

Figure 2.3 shows how the individual models produced by each group 
interfaced with those of the other groups to model the entire system. 

Each arrow represents the flow of data cards between models. The 
Controls Model, for example, received data from the Aircraft Design and 
Routes models and provided information to the Terminal Time, System 


Effectiveness, Terminal Cost, Control Cost and Air Vehicle Cost models. 
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The system was quite large, requiring nearly ten hours of computer time 
and 60,000 data cards to process 189 alternatives. 

The data obtained from these models was plotted and analyzed and 
the most cost effective alternative chosen. 
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CHAPTER 3 


ROUTE AND DEMAND MODELS 


3.1 Introduction 

In developing a systems analysis for common carrier air transportation 
in the United States, two of the most significant aspects involve forecasts 
for air transportation demand and route selection and assignment of aircraft 
for the forecast period. 

The forecast of air travel demand serves as primary input both for the 
route model and for the terminal cost model. Route selection is a function 
of the demand to be served. Without an accurate forecast of demand, the 
route structure selected may be faulty, and the number and type of aircraft 
required in the horizon year may be considerably in error. Similarly, the 
cost of terminal facilities at major air hubs represents a major investment 
for the local community, the federal government, and the air carriers them- 
selves. An accurate demand estimate is essential not only for determining 
the ultimate size and cost of the-terminal, but also for staging the con- 
struction of facilities as demand and traffic increase.. The ability to 
stage such construction is absolutely essential for all parties concerned. 

The route model is no less Important. The selection of air transporta- 
tion hubs and the route structure connecting them has a significant impact 
on congestion to be experienced In the horizon year. It also has a signifi- 
cant impact on future air traffic through the terminal. As such, the route 
structure and the assignments of aircraft have important bearihgs on the 
cost of air traffic control. This is of major concern to those governmental 
agencies charged with controlling domestic airspace. Finally, the route 
model provides a framework for evaluating the feasibility for certain air- 
craft types. This is particularly significant with respect to future 
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developments of STOL (Short Take-Off and Landing) aircraft. By forecasting 
the number and type of aircraft needed in the horizon year, information will 
be provided the aircraft industry for establishing important priorities 
regarding the development of various aircraft types. 

The next section of this chapter outlines the methodology surrounding 
the demand model selected for this systems analysis* Following that’ is a 
similar development for the route model selected. 

3 . 2 Demand Model 

The demand model was selected after a review of the literature in the 
field. Although some problems were experienced in calibrating the model, it 
has been proven to be quite effective in forecasting demand, 

3.2.1 Purpose of the Demand Model 

Design requirements for a possible 1975-1985 air transportation system 
include an estimate of the number of passengers that can be expected to fly. 
Furthermore, it is necessary to establish the various ranges over which differ- 
ent groups will fly. 

After a study of the existing demand models, the concept of a travel 
generator model evolved. A- travel generator model would forecast or generate 
a travel demand between locations based on characteristics of the location* 

This estimate is not a prediction of the actual future demand, but only a 
forecast of what the demand could be. Because of the tremendous uncertainties 
involved in future traffic forecasts, the final system should be tested 
against sensitivity to this demand factor. 

3.2.2 Variation in Demand 

Air travel demand does not remain constant with time. Seasonal, daily, 
and hourly peaks are almost always experienced. While the demand model was 
calibrated for average daily demand, some knowledge of the variation about 
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this mean was deemed essential for proper terminal design. Following are the 
highlights of these investigations into demand variations. Details of the in- 
vestigations may be found in Appendix 3-A. 

3. 2. 2.1 Seasonal Peaks 

Two pronounced seasonal peaks occur in air travel demand. One is in 
the summer months, reflecting a higher demand for vacation travel during 
this period. The second peak occurs during December. This represents a high 
demand for air travel during the holiday season. Especially noteworthy is 
the fact that these peaks represent seasonal demands for non-business travel. 

3. 2. 2. 2 Daily Peaks 

Peaks in air travel demand during any given week represent a demand for 
business travel. Peaks are most noticeable on Mondays and Fridays, the 
beginning and end of the business week. 

3. 2. 2. 3 Hourly Peaks 

Peaks in air travel demand throughout an average day occur in the morning 
and evening. This represents a combination of business and non-business demand. 

3. 2. 2. 4 Ratio of Peak Day to Average Day 

This figure is the most significant one for air terminal and control 
system design. In 1967 the peak day averaged 70 percent higher than- the 
average day for the country as a whole. Specific values of this ratio, for 
individual cities, are tabulated in Appendix 3-A. 

3,2.3 Review of Existing Models 

The limited amount of time allotted to examination of demand models 
dictated a quick review of the literature available. Several demand models 
were examined and are reviewed below. 

Systems Analysis and Research Corporation has developed a model for the 
northeast corridor which applies relationships between socioeconomic factors 
and travel volume [1] . All modes of transportation were considered and forecasts 
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were made for only selected city pairs in the northeast corridor. This model 
was not considered since the data for cities outside the area was not readily 
available. 

Massachusetts Institute of Technology has made use of the gravity model 
to predict traffic volume between any two population centers on the basis of 
population and distance [2]. 

Lockheed-Georgia Company expanded the model suggested by MIT to include 
the capability of passengers to travel (income of origin) and the desirability 
for travel (attractiveness of destination) [3] . Because of the limited time 
available and the uncertainty of the forecast, the Lockheed-Georgia Company 
model was selected for use in the project. The model has been modified some*^ 
what, to conform to .the specialized requirements of this study. 

3.2.4 Discussion of Demand Model Algorithm 

As mentioned, the model selected is a modified gravity model. Modifica- 
tions include adjustments to dampen the demand for very short flights, to reflect 
the rapid increase in air travel as compared with population, and to include 
the propensity and ability “of people who fly. 

3. 2. 4.1 Inputs to the Model 

Inputs to the demand model consist of information about each of the 
144 cities studied. Such information includes population for the last two 
censuses, average city income, latitude and longitude of the city, and percent- 
age change in air travel demand. The model then uses these inputs to calculate 
demand . 

3. 2. 4. 2 Calculation Procedure 

The model itself predicts demand between two cities in direct proportion 
to the product of the cities’ populations and inversely as the distance between 

t 

them raised to a power. An adjustment is made to dampen the demand for very 
short trips. 
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The model first computes the great circle distance between all city pairs, 
using the latitude and longitude of each city provided as input* The model then 
projects population for each city using the census figures, by three different 
methods* An average increase is then calculated for each city. Percentage 
change is then calculated for each ten year interval to the year 2000. 

A relative income factor is developed, which is the ratio of average 
city income to the smallest average income for any city under study. Demand 
is then calculated for each ten year increment, adjusting the figure by the 
income factor and the difference between the average rate of air travel demand 
growth and the rate of population growth in the origin and destination city. 
Summaries are then prepared showing air travel demand for the years 1970, 1980, 
1990, and 2000* Initially, constants similar to those used in the Lockheed 
study cited previously were used* These constants were adjusted to make the 
forecasts for 1970 slightly higher than known figures for recent years. Once 
these constants were adjusted, final demand summaries for future horizons were 
prepared * 

3.2. 4.3 Reduced Area Demand Model 

Initial calculations for the demand model were made for 144 Urbanized 
areas in the United States. Consideration of the programs that might use this 
data required that a smaller network be considered as a typical area. Demand 
summaries were used to construct a network of 11 cities for use in the route 
model. Since a reduction of this nature could greatly influence the results 
of the study, it is recommended that a sensitivity analysis of the final re- 
sults be considered for this program. 

3.3 Route Model 

The output of the demand model serves as input to two models* Demand 
figures are necessary for computation of terminal costs. Aspects of this pro- 
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blem are covered elsewhere in this report. Demand figures are also necessary 
for selecting a route structure, loaded with various types of aircraft. 

Aspects of this problem are discussed below. 

3.3.1. Importance of the Route Model 

The route model is a key protion of the total systems study presented 
in this report. Specifically, it is the function of the route model to furnish 
aircraft for a known route structure from a pool of available aircraft types 
in such a manner that the demand for air travel at each node in the structure 
is satisfied in some satisfactory manner. In making these assignments, more- 
over the particular strengths and weaknesses of each aircraft type should be 
exploited. However, the model should not be biased in favor of a particular 
type of aircraft, to the exclusion of all others. 

The assignments of aircraft to routes is not an end in itself. These 
assignmnets are input for many of the remaining models in the systems analysis. 
Specifically, it is the function of the route model to provide input for deter- 
mining the 

(1) Control System 

(2) Aircraft Cost 

(3) Terminal Time 

(4) System Effectiveness 

Establishing a methodology for the route model, therefore has a significant 
impact on the other models in the study. 

3.3.2 Optimal Seeking Approaches for Loading the System 

In establishing a methodology for loading the system, some optimal 
method is obviously to be preferred, following is a brief discussion of 
some of the general optimal seeking methods available. In each case, the 
reasons for rejecting it as a method will be explored. 
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3. 3*2.1 Traffic Assignment Algorithms 

It would appear that the problem at hand is in some sense related to the 
loading of a traffic network during the transportation planning process for 
urban areas. The methodology used there is assignment by minimum travel time 
over the network from the point of origin to the point of destination. Such 
assignments consider a wide variety of factors surrounding the network, includ- 
ing the capacity of each link in the system. 

There are two reasons why this method is not suitable for the purposes 
of this study. One reason relates to the difference in characteristics of the 
traffic network and the airline route structure considered here. The second 
relates to the vehicle considerations mentioned previously. 

In the traffic assignment algorithm the selection of a particular assign- 
ment path is strictly based on travel time. Therefore, the process is one of 
selecting a path through a maze. The number of alternative assignments is very 
large; the algorithm selects the best alternative from this large set. In the 
airline route problem the number of alternatives is small. Moreover, penalties 
must be assessed for flights containing many short hops. Non-stop flights should 
be emphasized. Therefore, the airline problem consists of satisfying a demand 
from a very limited number of alternative routes. The problem is more one of 
assigning vehicles to a knoxm route structure than one of selecting a route 
to satisfy a demand. 

In the traffic assignment algorithm no consideration is given to differ- 
ences in vehicle types, since none exist. With few exceptions, demand is satis- 
fied with one class of vehicle, the automobile. In the airline case, the number 
of alternative vehicles is considerable. The route model must assign these 
vehicles in some manner to satisfy demand. In this respect, the traffic assign- 
ment process and the route selection and loading process are completely opposite. 
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3*3«2.2 Linear Programming Approaches 

A second class of models which have possibilities for the problem at hand 
are the linear programming models* These models attempt to optimize some linear 
functions subject to a set of linear constraints. Two of these models will be 
discussed. 

3. 3.2. 2.1 The Transportation Problem 

A general solution method has been developed for satisfying the demand at 
a set of locations from a supply at a second set of locations. This general 
method has been called the transportation problem. It is, however, totally un- 
suited for the purposes of this study. In the airline case presented here., the 
demand for air travel at one set of cities is satisfied by the destinations at 
a second set of cities. In this respect, the problem here is similar to the 
transportation problem. However, the crucial difference between the two is 
that in the transportation problem it is not important where the demand is 
supplied from. The algorithm merely supplies the demand in a least-cost manner. 
In the airline case presented here, it is important that air travel be supplied 
from a particular origin to a particular destination. This is completely con- 
trary to the formulation of the general transportation problem. 

3. 3. 2. 2. 2 The General Linear Program ^ 

Linear programming techniques provide a general optimal-seeking proce- 
dure for solving a wide variety of problems. The general method has been comput- 
erized, so that rapid solutions to complex problems are possible. 

As mentioned previously, the general linear program optimizes some linear 
function subject to a set of linear constraints. In attempting to apply this 
general procedure to the problem at hand, severe problems developed in formulat- 
ing constraint functions which would conform to the general solution method. 

This complexity results from the characteristics of the airline problem under 
study. 
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In the airline problem, the flight of an aircraft over a specific 
route is not a static event, but rather a dynamic one* At each destination 
along the route, certain passengers embark, some debark, and some remain 
enplaned* Penalties must be imposed for those routes with many stops, 
reflecting the desire of passengers to fly non-stop* As such, the number 
of variable elements which must be optimized in this general case quickly 
becomes unreasonable* 

In addition to the constraints surrounding the route structure, 
constraints are necessary to prevent bias in the selection of aircraft 
types. Specifically, it was felt that the general linear program would 
always make assignments to those aircraft types with the least cost per 
passenger mile* These would generally be the "jumbo- jets” currently 
scheduled for entry into commercial aviation in the near future. There- 
fore, constraints were necessary to prevent bias in favor of the large 
aircraft* The combination of the route constraints plus the aircraft 
constraints made the general linear programming procedure too unwieldy 
for further consideration. 

3.3*3 Route Model Methodology 

At this point it was decided that a general solution procedure was 
not available to satisfy the requirements of the problem at hand. A 
special-purpose procedure was developed which fulfills the requirements of 
this study. Following is a brief description of the inputs required by 
this model and its solution method* For a more detailed explaination of 
the procedure see Appendix 3-B. 

3.3.3.1 Inputs to the Model 

Two types of input are required for this model* These relate to 
the aircraft available for satisfying the demand for air travel and to 
the route structure over which these aircraft must fly. 
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For each alternative STOL aircraft considered in this study, an 
aircraft mix consisting of that STOL and a CTOL (Convential Take Off and 
Landing) aircraft was available for allocation to the route structure. 
Ideally each such mix would reflect the cost and operating potential of 
the given STOL craft for a- complex network of routes. Since the same - 
CTOL aircraft would be used in all mixes and since its only function was 
that of carrying passengers for ranges beyond the STOL, it was felt that 
it should not bias any mix or set of mixes. Such characteristics as speed, 
capacity, and cost per flight mile are input for each aircraft type. 

The route structure which will be loaded with a particular mix of 
aircraft is a second input to this model. Each such route may have up to 
four legs. Each route is nximbered for identification. Along with the 
route number, such information as distance between cities along the route, 
and demand at each city are provided. 

3. 3. 3. 2 The Route Model Algorithm 

The procedure for loading the network is as follows. The parti- 
cular STOL aircraft being considered is first assigned to all direct 
routes within its range. The niamber of flights assigned to a particular 
route is proportional to the demand on that route and inversely propor- 
tional to the capacity of the aircraft. Next the CTOL aircraft is assigned 
to the remaining direct routes which could not be flown by the STOL 
aircraft. This method of assignment reflects a preference reserving STOL 
range routes for STOL aircraft. Second, it reflects a preference for 
direct flight over intermediate stop flights. 

As the above procedure is executed the demand between the cities 
is reduced as flights become available. It was decided to reduce the 
demand by some fraction of the available seats to reflect the traditional 
load factors encountered in airline service. This fraction is also the 
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proportionality constant used in the assignment of a specific number of 
flight to a given route. 

When the demand is insufficient to fill the given fraction of a 
plane or when the remaining demand is insufficient to add another flight 
to a specific route, intermediate-stops are considered. STOL craft are 
first assigned to two-legged and three-legged routes. Assignment of 
flights continues until demand has been completely reduced or the cost-per- 
passenger for the additional flight become excessive. CTOL craft are then 
considered for the longer two and three legged routes beyond the range of 
the STOL craft, 

labile the above methodology is not optimal seeking, fox the purposes 
of this study it should be adequate to avoid biasing the results* 
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CHAPTER 4 


AIRPORT TERMINALS AND GROUND RELATED FACILITIES 

4.1 Introduction 

The present national air transportation system has not been 
developed with total cost effectiveness in mind. The terminal model, a 
mathematical representation of a real life terminal subsystem, will 
evaluate the cost effectiveness of various alternatives for future air- 
port systems. 

The primary objectives of the terminal model are to determine the 
ground access time to and from the CTOL (Conventional Take-off and Landing) 
airport or STOL (Short Take-off and Landing) port; and to determine the 
total construction, design and operations costs for the cities and air- 
craft mixes tested. The secondary objectives of the model are to con- 
sider alternate ground transportation modes, various terminal configurations 
and increased automation of baggage handling. 

Airports were evaluated to determine those which served the pre- 
dicted volumes at the least cost. The costs considered were land, terminal 
building, terminal area, ground access time, terminal operations and main- 
tenance. 

4.2 Submodels 
4.2.1 Introduction 

The models for airport costs depended on the development of a land 
value model, the concept of air traveler's value of time, a passenger 
process time model, a conventional airport model, and a STOL airport model. 
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4,2*2 Urban Land Value Model 


Land values within the urban area will be important factors in the 
consideration of airport location* Land value is, to a large extent, 
dependent upon land-use at the particular location. A complex set of 
variables is associated with land use. People experience needs and wants, 
many of which are shaped by social and economic forces. 

Whereas the social forces are often very difficult to quantify, 
economic forces lend themselves to quantification. Within the economic 
realm, land value is a function of (1) the costs of making the land pro- 
ductive and (2) the income that will be returned from the land* These 
two factors vary with land use types. Within any applicable constraints, 
the user who is willing to pay the most for a site will usually occupy it* 
Aside from the two factors mentioned above, certain sites may have high 
values for specific types of uses due to their spatial relationships with 
surrounding facilities. 

The urban land-use pattern is, then, the result of economic behavior 
associated with satisfying the needs and wants of people in the urban land 
market (Figure 4.1). 



TUg Lavad MAR.yigx 


Figure 4*1 
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The purpose of the land value model is to provide some basis for 
decisionmaking in terminal location. The model is not an ultimate pre- 
dictor and may leave many factors unaccounted for. When dealing with the 
many structural configurations of urban areas, each one of which is unique, 
we immediately become aware at the gross over-generalization of any model 
which purports to indicate land value in any urban area. 

The following mathematical formulation was obtained from Samuel E. 
Eastman of the Economic Sciences Corporation: 


(TOT) 


(lOM) 


0.867 


where: K = price of land (dollars per acre) in 1965 prices. 

P = 1960 population of urbanized area, including urban fringe. 
A = 1960 urbanized land area in square miles, including urban 
fringe. 

M = distance from CBD in miles. 


The model has been tested in a number of urban areas. In general it 
tends to underestimate the true value at the land area under consideration. 
(See Appendix 4-A) . 

4.2,3 Air Traveler's Value of Time 

The air traveler considers the out of pocket expenses in relationship 
to the total door-to-door travel time when choosing between modes of trans- 
portation. The total cost for a trip, in addition to the ticket cost, in- 
cludes the cost of traveling to the departure terminal and traveling from 
the arrival terminal to the actural destination. These additional travel 
costs are for use of private auto, taxi, liinosine or public transportation. 
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The total travel time is defined as the time between leaving the 
actual departure point and the arrival at the actual destination, A mone- 
tary value is assigned to this time. It is assumed to be some function of 
the income level of the traveler. In other words, the air traveler's time 
is money. Therefore, he is willing to pay more for a mode of transportation 
which saves time. This is called the "value of time" concept. 

An analysis of personal and business travel in the Northeast Corridor 
demonstrates that personal travelers value this time less than their hourly 
income. On the other hand, business travelers value their time substantially 
more than their hourly income. Business travelers value flying time at roughly 
one and one-half times their income. However, the value of time of personal 
travelers is placed at approximately only one-half their hourly income. Using 
these assumed values of time along with a 70 - 30 percent ' split of business 
and personal travelers, a value of time distribution for air travelers may be 
derived. [1] The result is shown in Figure 4.2 in 1969 constant dollars. 

The average percentage of passengers for 1980 is utilized to determine a mean 
constant value of time for the~period 1975-1985 whenever reference is made 
to the air traveler's value of time. 



Air Travelers Value of Time 
Figure 4.2 
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4,2.4 Passenger Process Time 

The term process time refers to a combination of several actual 
times, including: 

1, Time moving to the terminal from a parked automobile (or public 
transportation) . 

2, Time for ticketing, 

3, Time for baggage check-in or baggage claim. 

4, Time in transit to correct gate position. 

5, Time to board the aircraft. 

These five parameters serve as the major components of the process-time 
model which is incorporated in the overall terminal model. 

Several basic assumptions were made in the development of the 
model. The t3^ical passenger, as used in the model, arrives at the 
airport in a private auto and parks in the parking lot. He has reser- 
vations for a certain flight, but must pick up his ticket inside the 
terminal. The passenger* s baggage is also checked-in at this time. For 
overall consistency for the various sizes and configurations of airports, 
it was assumed that the passenger then walks to the correct gate location 
for boarding the aircraft. With the above assumptions, the times produced 
by the model should be viewed as the time for a typical passenger to complete 
everything required between leaving his car in the parking lot and arriving 
in the correct gate position. 

Several of the five parameters mentioned above were set by predetermined 
conditions. Boarding times were obtained from the group concerned with air- 
craft types and design. An average boarding time for the expected aircraft 
types was used. Baggage check-in and ticket clearance times were suggested 
by one of the major airlines. These times were used as threshold times. 
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Baggage claim time is based on the expected efficiences of proposed 
baggage handling systems* The summation of these times -- results in a 
constant time. The two variable times in the model are the time from auto 
to terminal and the time to get to the correct gate or boarding location. 

These variables are based on the number of total daily passengers at the 
airport, which is an input into the overall terminal model. The functional 
relationship development is described in Appendix 4-B. 

4.2.5 Conventional Airport Model 

The cost model for the conventional terminal was based on an analysis 
similar to that used in reference [3]. The total airport costs were divided 
into two main parts: land costs and facilities construction cost. The facil- 
ities construction costs were further subdivided into three parts: parking 

lot costs, terminal costs and aircraft operations area costs. It is felt 
that these subdivisions are sufficiently basic to allow virtually any air- 
port configuration to be considered desirable to have off airport parking. 

The gross costing model used here will still apply since the model does not 
specify the location of the parking lot except to say that it is located at 
approximately the same distance from the city center as the airport. Further- 
more, it is difficult to conceive of an airport that would not contain these 
three elements as they are basic to the very nature of an airport; that is a 
facility to change people from an air transportation mode to a ground mode. 

In the following sections we will examine each of these facilities in 
some detail. It should also be pointed out here that we are considering not 
a total cost for capital outlay but rather an annual cost based on amortizing 
the cost over the useful life of the facility involved. Included in this 
annual cost is a maintenance cost based on projected extensions of current 
maintenance costs. 
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4. 2. 5*1 Parking Lot 


The cost estimating relationship used for airport parking lot construe- 
tion is: 

COST (1*3) (280) (0*734) (TPHP) (1) 

where: 

COST “ Total annual cost for airport parking in 

1969 dollars excluding land acquisition cost* 

TPHP - Number of typical peak hour passengers* 

In this relationship 280 is the number of square feet required per 
parking space [4]; 1.3 is the number of parking spaces required per typical 
peak hour passenger [5] and 0.734 is the total annual dollar cost per square 
foot of airport parking structure* This number is derived based on a concept 
of a one level parking lot so that the initial cost is a paving cost of $2.00 
per square foot. Amortizing the initial structure cost over a useful life of 
20 years, using an interest rate of 107o, and adding a $0.50 per square foot 
annual cost gives the stated figure [3]* It should be noted here that equation 
(1) does obviously not include any- income factor. In fact, as indicated in many 
reports, the operation of a parking lot is one of the most profit making enter- 
prises In which an airport many indulge* It is far from being just self sup- 
porting, and in many cases parking revenue may contribute significantly to 
lowering airport operations cost. 

4*2. 5. 2 Terminal Building 

The cost estimating relationship for the airport terminal building is: 

COST == (150) (6.27) TPHP (2) 

where: .COST - Total annual cost for airport terminal in 

1969 dollars excluding land acquisition costs. 

TPHP = Number of typical peak hour passengers* 
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The factor (150) is the number of square feet needed by each .typical 
peak hour passenger. There is some considerable discussion of what value 
this factor should assume. It appears that the value of 150 provides a 
good compromise for the wide range of airports to be considered. The 
factor $6.27 is the total annual cost per square foot of terminal structure. 
The value is based on an initial estimated construction cost of $45 per 
square foot amortized over a twenty year useful life with an additional 
$1,00 per square foot annual cost [7], 

It should be noted that once again there has been no attempt to in- 
elude the revenue producing elements of a terminal. Most airports for 
example receive revenue from rental fees paid by restaurants, stores, car 
rental* agencies and other non-airport related functions. It was not possible 
to estimate these revenues in any realistic way and hence they were not 
included . 

4. 2, 5, 3 Aircraft Operations Area 

The airport operations area includes runways, taxiways, apron and gate 
areas. The cost estimating relationship is: 

COST = 0.484 (200) RUNL + 75 (RUNL) + 1800000 |||| (3) 

where: GOST = Total annual cost for the aircraft operations area, 

in 1969 dollars. 

RUNL = Total linear feet of runways 

TPHP = Number of typical peak hour passengers 

It was realized early in the analysis that the number of runways, their 
lengths and general configurations was more the province of air traffic 
control than terminal design, but it was also true that the airport model 
would need to include the construction costs of the runways. Therefore, the 
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total linear feet of runway is provided as input to the airport costing 
model. In equation (3) the first term is runway structure costs and the 
third is apron and gate area construction costs. The factor 0,484 is the 
total annual cost of pavement. This figure is obtained by taking a $2.00 
per square foot initial cost amortized over a twenty year useful life and 
adding a $0.25 per square foot annual maintenance cost. The runway area 
to be paved is calculated assuming a 150 foot runway width (as recommended 
by the FAA for large jet aircraft) with an additional 25 feet of asphalt 
on each side. Similarly the taxiway area is calculated assuming a 75 foot 
width and assuming that the length of taxiway s is approximately the same as the 
the total runway lengths. The parking apron area is calculated based on the 
fact that an apron 3000 feet by 600 feet is capable of handling about 8000 
typical peak hour passengers. Thus, for an apron to accommodate some other 
number of typical peak hour passengers a fraction of the 8000 TPHP area is 
required. . This is a linear relationship and, of course, will break down for 
very low values of TPHP. However, for this analysis it is considered to be 
accurate enough. 

It should be mentioned here that several elements of aircraft operations 
are ignored by this model. It was agreed that the costs for instrumentation 
of the runways would be calculated by air traffic control. The costs of 
hangars and servicing facilities was ignored because it was felt that plans 
for the future airport are too uncertain to include them. For example, we 
have heard of plans to perform all maintenance at one central airport that 
does not handle commercial traffic and this would eliminate these costs from 
the model. In addition, it was felt that servicing facilities costs would 
certainly be borne by the individual airlines and thus come under the same 
category as equipment which is not included in the analysis either. 
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4*2. 5, 4 STOL Runways 


It is recognized that at times it may prove necessary to have a STOL 
runway located at the CTOL airport. The ability to include this option is 
built into the cost model by recognizing that the major additional cost for 
the STOL operations would be that due to the STOL runways themselves. This 
is so because the terminal building and parking lot may simply be scaled up 
in size to accommodate the additional STOL passengers while the STOL runway 
is fundamentally different from a conventional runway. Thus the STOL runway 
cost model is: 

COST == 3,500,000N -h [200000 -f 2. 69(TSP)] (13 . 972)(0.117) (4) 

where: COST = Total annual cost for STOL runways 

TSP = Number of STOL typical daily passengers 

This relation was obtained from Reference [4] and is explained fully there. 

4. 2. 5. 5 Calculation of Land Required 

For each of the above three segments a certain amount of land is re- 
quired to acconimodate the operation. The land required for the parking lot * 
is simply: 

(LMD)p = (1.3) (280) TPHP (5) 

where the factors are as described before in the construction costs section. 
The land required for the terminal is given by: 

(LAND)'^ « TPHP ‘ (6) 

Here 180 represents the number of square feet of terminal space required 
per passenger. This number is obtained by taking the basic passenger require- 
ment (150) and adding 20% for landscaping and building construction. In the 
above expression is the number of stories in the terminal (usually 1 or 2) 
and TPHP is as defined before. 
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The land required for aircraft operations is given by; 


(LAND).^ = (RUNL) (200) + (RML) (75) + 225 (TPHP) (7) 

AU 

where the symbols are as defined before in the aircraft operations cost section. 
If STOL runways are required then the land needed for them is just:’ 

(LAND)g^Q^ = (2000) (200) N (8) 

where N is again the number of STOL runways. Here we assume a 2000 foot nominal 
STOL runway length. 

Now when the air traffic control group specifies a runway configuration 
they also specify a minimum land area purchase since it is necessary to pur- 
chase a block of land large enough to contain the runways. (Not too many real 
estate agents are willing to sell a strip of land 200 feet wide and 2 1/2 miles 
long!!). Now it is quite possible that this same block also has enough excess 
land to accommodate the terminal, parking lot and airport operations area. 

Thus, it would be foolish to include a land purchase for this case in the 
cost model. On the other hand it is not resonable to expect the terminal and 
parking lot to exactly fill the excess area in the block since this would im- 
pose severe limitations on shape and location of the terminal and parking 

I 

lot. Thus, in the model, the purchase of additional land above and beyond 
that needed for the runway configuration is only made vrtien the land needed 
is greater than 75% of the excess land left in the rimway configuration. 

Using this method a total land purchase requirement is generated. It is 
felt that this number is more realistic than one obtained by simply adding 
the land requirements of the various elements. 

Once the total land required has been found then the cost is simply 
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where : 


COST = (TOA) (PRICE) (.10) 

TOA = Total land area in square feet 
PRICE = Land Price in 1969 dollars per acre 


( 8 ) 


Here (,10) is a capital reduction factor applied to the initial cost of 
land having an infinite useful life. Notice that there are no annual costs 
associated with the land. 

^•2.5.6 Calculation of Model Parameters 

As may be seen by considering the models used, there are two main 
parameters involved: land cost and number of typical peak hour passengers. 

Calculation of these two parameters is discussed below. 

4. 2. 5. 6.1 Land Cost 

A land cost model similar to that used in section 4.2.2 is used here. 

A number of checks on this model were performed to check its validity and 
while the results were by no means perfectly accurate the general conclu- 
sion was that for studies of the type we are performing here this model is 
adequate. 

The 1985 urban area population is provided as an input from a model 
development by the demand and route structures group especially for this 
study. The 1985 area of the urban area and distance of the airport from 
the central business district (CBD) is provided by a city model already used 
in this study and discussed in the section of this report dealing with the 
location of a STOL port. In all cases it is considered that the airport is 
located on the fringe of the city. 

It is realized that applying this model to a city far in che future 
may be a little inaccurate. However, it is felt that in the next twenty 
years city expansion will be relatively linear. That is growth in an out- 
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ward direction will be mirrored in^ a corresponding increase in land values 
at a given distance from the CBD, and this growth is expected to be especially 
stable at large distances from the CBD, Hence while it may be argued that 
close to the CBD land values may over the years fluctuate or even (as in the 
case of Oakland from 1950 - 1960) decrease it is felt that for an urban 
fringe airport this model will be realistic within the accuracy of this 
analysis* 

4. 2. 5*6. 2 Typical Peak Hour Passengers 

The demand model (Chapter 3) develops a projected annual demand for the 
CTOL airport. In reference [3] a recommendation is made as how to convert 
this annual demand into a number of TPHP, It is: 

TPHP (TAP) (G) (11) 

TAP - Total annual passengers 
and G is given by the following table: 


TAP 

TAP & 20, 000, 000 

.035 

20,000,000 s tap S 10,000,000 

.040 

10,000,000 S tap a 1,000,000 

.050 

1,000,000 g tap g 500,000 

.065 

500,000 s TAP ^ 

.120 


TABLE 4.1 


4.2*5,7 Summary 

The above model will, within limits, cost a typical CTOL airport and 
include the basic functional relationships between their cost and the factors 
influencies the airport (size, location, air traffic control consideration 
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etc). As such it is felt that this model is adequate for an initial systems 
design application such as this study dictates. 

4,2.6 STOL Submodel 

The development of a model for costing the development of a STOL 
port .(sn airport for short takeoff and landing craft), was hampered by 
the fact that none now exists. This problem was overcome by relying on 
costs developed by McDonnell Aircraft (See references [4] and [8]). The 
McDonnell Corporation also had determined the distribution of aircraft users 
and this was simplified for our model. The assumptions made in the development 
of the model are: 

1. The urban area may be considered as a square. 

2. Trip ends of air travellers are uniform over the area with 
an additional "spike" concentration of 30 per cent in the 
CBD (Central Business District). 

3. The Central Business District is at the center of the square 
and for computations is assumed to be the origin of cartesian 
coordinates. 

4. The conventional airport (CTOL) is centered on a side. This 
same orientation is true of S/CTOL (conventional airports 
with runways for short take-off and landing craft). 

5. The short take-off and- landing airports (STOL) are located some- 
where on the line passing thru the CTOL and/or S/CTOL and the 
CBD, but within the square. (See Figure 4.3). 
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CBD - Cpj^RAL Di5TRICT 

i>TOL = Shoot Takeoff Awo Lano'wo P^^rt 
CTOL- CowvEMTioMAu Airport 
^/CTOL= ComvehtiomAl Airport WitK 
STOL FaciuTIES 

Typical City 
Figure 4,3 

6, Air passengers will make use of the port which gives minimum 
ground time since all operations at equivalent facilities in 
a city are the same, 

7. At a given city, only one of six sets of ports is possible, 
(See Figure 4,4). 

X ^.TOL O CTOU ® 5/CTOl- 



Airport Arrangements 
Figure 4.4 
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4. 2. 6.1 Model Development 


The basic configuration developed by McDonnell (Figure 4.5) was 
reduced by subtracting cost of design, contingency, and the cost directly 
associated with each gate. The cost that remained was considered the 
cost of the basic terminal building. Each gate was assumed to handle 2000 
persons and the cost for a particular terminal became the basic cost plus 
cost of gates at 2000 persons per gate plus design cost plus contingency. 


BASIC STOL POET CONFIGUEATIOM 



STOL Port Elevation 



courtesy; McDonnell Aircraft 

Figure 4.5 
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Curves for operations and maintenance were also developed by McDonnell 
Corporation and the formulae to fit these were determined and applied to the 
actual demand. 

equatiom : 

T = -1.85790 +.59910 Jin b 

-p ^ >I••S790 ^In0-51»JO 

p _ 0 - 185790 |>j.S99JO 



6LOPE = 


in .775 - Jn .156 
Jin 1 5 - Jin I 

“237-46 + {.S579Q 
2 .70805 - O 


2, 3 +S*789ioa»5 


AVERAGE DISTANCE AND TIME TO TERMINAL 


tH Mu.e^ 


Figure 4.6 


The access cost of reaching the terminal was determined by evaluating 
the average distance to the terminal (See Appendix 4-C) . The curve in 
Figure 4 . 6 was then applied to obtain time and the average value of travelers 
time was applied to this figure to get cost. (See Section 4.2.3). 



4.2, 6.2 Conclusions 


It is possible to approximate the costs of terminal construction 
and operations by use of mathematical formulae, and terminals can be 
fitted to the needs of particular urban areas. 

4. 2. 6. 3 Recommendations 

1. Further research into development of models that do not need to 
operate under the very limiting conditions used in this model. 

2. Evaluation of unconventional terminal layouts is necessary. 

3. Inclusion of costs due to noise or other socio-political problems 
associated with airport operations is necessary. 

4.3 CTOL - STOL Terminal Model 

The model for the terminals is based on the calculations and assumptions 
explained in Section 4.2 of this report. The model is a combination of time 
and cost calculations with the final solution based on lowest total cost 
including a value for time (Figure 4.7). A flow diagram of the effectiveness 
version of the model is shown in Figure 4.8. This diagram graphically ex-=* 
plains the operation of the effectiveness of the model. It is noted that 
for the class problem, two versions of the terminal model were required. The 
version other than effectiveness of the model is the cost version. The 
changes in the flow diagram for the cost version are shown in Figure 4.9, 

The basic difference between the two versions is the output. The effectiveness 
version has an output of access and process times for the CTOL and STOL 
terminals. The cost version has an output of total dollar cost for the CTOL 
and STOL terminals in all of the cities investigated. 

The terminal models were programmed for computer use in the FORTRAN 
IV language. A complete printout of the effectiveness version of the terminal 
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Distance from CBD in Miles 

Figure 4.7 

Optimum Location of the STOL Port in an Urban Area 
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Figure 4.8 continued 
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model is shown in Appendix 4-D. The changes required for the cost version 
are shown in Appendix 4-E. It is noted that the program output contains 
output to both line printer and card punch. The printed output was used 
to check the output values while the punch card output was used to exchange 
information between the various other models in the overall system evaluation. 

4.4. A Parametric Cost Analysis of Alternate CTOL Terminal Configurations 

Rather than consider one or two particular cities of certain populations, 
and then try to design a specific terminal for each, the following is an 
attempt to cost three basic terminal configurations according to their specific 
design requirements and certain uniform assumptions. In a general study as 
this, it is highly unreasonable to design a terminal or airport for just certain 
cities. It is far better, considering the situation, to use a general approach 
that can be applied to most city types. 

There are many varieties of terminals that can be placed in three basic 
classes; Satellite, Finger, and Open Apron (See Figure 4.10). There are 
many combinations and arrangements of these classes that will provide a modem 
airport layout for future needs. In the case of the small city there may 
only exist one configuration, while at the larger city there will probably be 
a different arrangement for each major airline. 

4.4,1 Assumptions 

1. Each basic terminal configuration will be considered as a 
separate and an inherently complete unit. 

2. Each unit will contain all the necessary facilities for 
the following: 

a. Airport access 

b . Parking 

c. All terminal building functions 
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Combination of 
Finger and Satellite 



Various Airport Configurations 
Figure 4.10 








d* Aircraft parking of gates 

e* Aircraft apron 

f. Aircraft service facilities. 

4.4.2 Design Requirements 

'1. Each unit will be capable of handling all types of aircraft 
at each gate position (DC-9, DC-10, DC-8-63, B-707-321, B-747, 

L»1011, SST and other future aircraft). 

2. There will be six gate positions, 

3. Aircraft service rate will be limited to 30 minutes per 
•aircraft, independent of type. 

4. The average load per aircraft of all types is considered to 

be 300 passengers per flight. (This implies 3600 typical peak 
hour passengers (TPHP) per unit terminal). 

5. Terminal process time will be constrained to within 25 minutes. 

6. Each terminal will employ the necessary systems to reduce waiting 
times in queues such that the overall process time (parking lot to 
aircraft or vice-versa) is reduced to within the 25 minutes. 

7. Baggage handling system will be capable of sorting and handling 
2.5 bags per TPHP on international flights and 1.5 bags per TPHP 
for domestic flights. 

Terminal Building Design Criteria 

Samuel Eastman’s study of the Comparative Cost and Capacity Estimate 
of Vertiports and Airports 1975-1985 , [3], was used as the basis for determining 
the basic area requirements for the terminal. He presented estimates of 338 
square feet per TPHP (high) and 4l square feet per TPHP (low). On re-examining 
this data a better conservative figure, when planning for expansion and un- 
doubt able growth of the number of TPHP appears to be 318 square feet TPHP, 

This number was determined on the following basis: 
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Terminal Section : 

Ft^/TPHP 

Area 

3600 TPHP 

Ticketing, Reservations and Info. 

4.3 

15,600 

Passenger Check-in and Service 

10.0 

36,000 

Baggage Claim 

40.7 

146,400 

Concessions 

36.0 

129,600 

Eating areas and Kitchens 

29.3 

105,600 

Public Space 

138.3 

498,500 

Passenger Waiting Room 

17.7 

63,600 

Admin. & Bldg. Service' 
(Flightopsede) 

41.3 

148,800 

TERMINAL BUILDING TOTAL 

317.6 

1,143,900 ft^ 


TABLE 4*2 


The cost of land was obtained via a formula described in section 
4.2.2. If a single runway was considered practical, then the development of 
a single monolithic structure to contain all of the airport functions was 
evaluated. This was compared to the more conventional ground level develop^- 
ment and the configuration with least cost was used in a particular situation. 

By a search procedure, the location in a city which yields the least 
total cost considering costs of structures, land, access, operations, and main- 
tenance was determined optimal. (See Figure 4.7). 

4.4.4 Parking Facilities Design 

It has been argued that the American public will depend more heavily upon 
his automobile than in the past. It has been the general trend to design 
facilities for the convenience of the passenger and his auto as at Dulles 
International Airport, Washington, D.C. and at the Pan Am. terminal, JFK, 

New York. 
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Looking at the Transportation Engineering Journal for airports, 


one sees the following: 


Percent 

Primary mode of arrival or departure 
from the airport 

52 

Car 

24 

Taxi 

22 

Bus 

2 

Rail or other 


TABLE 4.3 


However, when one looks at Cleveland and observes the great success 
the rail link between the airport and the central business district (CBD) 
is having, one begins to wonder whether or not it would be better to have 
a rapid transit (RT) link replace the auto as the primary means to the air- 
port, Mr. Voorhees and associates indicated in a lecture presented to our 
group in January 1969 that a RT link to the airport, built in a city without 
an already-established RT system is not feasible. But should such a system, 
already exist as in New York or Cleveland, an extension of the same could 
prove beneficial if there were considerable savings for the user. The 
success of the Cleveland RT is eximplified by the cab drivers^ complaints 
of much loss of business. 

It has been decided that unless RT already exists, the terminal complex 
will be designed to accept rubber wheeled ground vehicles at the percentage 
of table 4.3 for this project. A certain percentage of the passengers and 
visitors that come by car will desire to park at the airport. 
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Mr. Eastman pointed out that the FAA survey indicated that airports 
should have 1.3 parking places, per TPHP. The Transportation Engineering 
Journal shows how these parking places are used: 


% o£ all Parking 
Spaces 

Who Parks There 

53 

Short-term (0-6 hrs) 
Passengers and Visitors 

7 

Long-term Passengers 
(24 hr. or longer) 

40 

Employees 


TABLE 4.4 


Parking structures can only be justified if the land values are high 
enough as in the Chicago or New York area. The only terminal unit to use 
multilayer parking will be the satellite terminal and it will be at the hub 
and in only three layers. The other configurations will use one level parking 
and/or roof parking. 

4.4.5 Passenger Convenience Design 

Each terminal unit will employ devices to reduce passenger process (i.e. 
airport ground) time to within 25 minutes. This process time does not include 
the waiting time of early arrivals. To date most of the terminal designs have 
the tendency to centralize terminal activities and operations, that is passengers 
and baggage enter one area and then are dispersed to several other areas as at 
Dulles or Tampa International Airports. Recently new innovations such as Pan 
Am’ s New York terminal, provide for more flixibility and decentralization. The 
Pan Am terminal, designed for the car and bus allows the passengers to disperse 
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and sort their own bags as they arrive at their gate. When RT becomes 
feasible it can be made to let passengers and visitors off directly in front 
of their aircraft or at the main gate should he be a standby or have to make 
reservations, etc. As there is today, an interline transportation source 
can be used to serve the transfer passenger. It has even been suggested 
that if the RT link exists then the airlines should purchase several RT 
vehicles (which could be designed to reflect the corporate image). Of course, 
these vehicles would provide direct service to the terminal from the CBD or 
another downtown station. The vehicles can be both steel and rubber wheeled 
for versatility. Since such a system does not exist now, it would be rather 
difficult to determine its cost. 


Figure 4.11 shows how both RT and the auto might interface with the aircraft 
at the gate or at the main terminal. 



Figure 4.11 
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4.4.6 Assumed Unloading Times 


The following times have been assumed to unload passengers and 
baggage from the following vehicles: 


Vehicle 

Unloading time (mins.) 


Car 

2.0 

Taxi 

1.5 

Bus 

5.0 

RT Vehicle 

3.0 


TABLE 4.5 


4,4.7 Other Airport Facilities 

The cost model developed in the Appendix 4-F will not include the 
costing of various facilities considered standard with any airport design 
of reasonable size. These include: 

a. Underground fuel storage and pumping units to serve 0.6 
aircraft per unit terminal. 

b. Aircraft service vehicle for the same. 

c. Electric power consumption, 

d. Landscaping, etc. 


Unit Terminal. Description 
Cross-hatch code for figures: 
- terminal building 




- parking lot 


- access route 
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- gate or aircraft parking 



“ apron area 


service vehicle parking (satellite unit only) 


Blank - excess area not included in terminal complex 


4*4.9 Satellite Terminal Sector 

In approximately a 36 "" sector of a radius of about 3,400 ft., all 
the required area noted in section 4,4.12 can be contained if there is a 
two story terminal building and a three level parking structure. It has 
a geometric shape factor (GSF) of 1.083 and a parking ratio (PR) of 5.38. 

Note that GSF is defined as all the necessary terminal complex. PR is the 
total apron area plus gate area - gate area. (See Figure 4.12). 

Aircraft nose -in parking allows for the minimum area required and 
yields a small PR and GSF, 

4,4.10 Finger Units 

For parallel nose-in parking a 200' x 300' gate or parking area is 
required to accommodate any type aircraft. A 30 ft. separation between areas 
has been assumed. Aircraft manuvering room has been assumed to be a 350 ft, 
diameter circle based on a one-wheel - stand-pivot . Using some imagination 
and considering the amount of capital available and runway layout, these 
finger units may be stacked in almost any desirable configuration or may be 
combined with any of the other two basic units. 

Finger design I will be a two story structure while that of II will have 
a 3 floor main building and two story wing. (Figure 4.13 and 4,14). 

parking is shown as ground level in all units except the satellite unit, 
however, should land prices warrant, parking structures would be considered. 
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Finger Unit I (with parking #1 or //2) 



/Ooo 



Oi 


Finger Terminal II 



Figure 4.14 





4.4.11 Open Apron 

This design is mainly for the airliners convenience* For the 
passengers convenience a fast and efficient transportation system must be 
employed to move passengers and baggage to and from the aircraft. With this 
system the airline pilot, soon after landing, brings the aircraft to a stop 
at one of marked gate positions and the aircraft service crews begin operations 
on the aircraft. When completed, the aircraft simply departs with ground 
clearance (Figure 4.15). It eliminates all the excess cost associated with 
the long taxi from the runway, and the manuvering and pa shout procedures. 
Generally, it is cheaper to transport baggage passengers, etc. by other means 
than the aircraft. The open apron developed here employs an underground 
transportation system and a three floor terminal building. This eliminates 
the above ground confusion and obstacles for the aircraft. With more time 
this system should be compared with the hazards and costs of above ground 
transportation (Figure 4.16). 

The underground system will use electric-rail vehicles (6’ x 10*) and 
carrying 15 standing people at 15 mph. All 6 aircraft of 300 passengers each 
will be filled in 10 minutes by a minimum of 2 cars per A/C each minute. 

Baggage and mail is handled on a separate conveyor system (Figure 4.17). 
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OPEN APRON UNIT 


Figure 4.15 









Figure 


4,16 





4.4.12 Summary of Data on Basic Unit Terminal 

A summary of data on basic unit terminal configurations is shown in 
the following table: 

TABLE 4.6 


Parameter 


Terminal 

Unit 



Sattelite 

Finger 

Open Apron 

Terminal area 

1,143,900 

Same 

Same 

Parking area 

1,310,400 ft^ 

Same 

Same 

Access Roads and 

O 




Extra Land 

338,680 ft 

Same 


Same 



1 

II 


GSF 

1.083 

1 

1 

1 

PR 

5.38 

1.87 

1.56 

4.19 

f 

• .5 

.5 

.5 

.5 

LB 

11,054 ft. 

8,640 

7,344 

7,580 

LT 

_ 

- 

- 

7,520 ft. 

DT 

j 



5 ft. 


Note: Appendix 4-F has a detailed explanation of specific costs related 

to these terminals. 

4.5 Terminal Subsystems 
4.5.1 Introduction 

Due to increased demand, many operations which are carried out manually 
today will have to be automated, or existing procedures optimized, in order 
to decrease process time or to reduce operating costs. It is imperative that 
some priority for automation or optimization of operations be established so 
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that invested capital will produce maximum benefits in reduced delays or 
costs* Priority operations should be investigated to determine what improve- 
ments are feasible and, if necessary, the automated systems should be designed. 

4.5.2 Subsystem Improvement Priorities 

On first priority are those subsystems which must be automated in 
order to process the increased demand of the target period. The .reservation 
and ticketing system fell into this category years ago and will, of course, 
remain there. The baggage handling system, which is largely manual today, 
will necessarily be automated at major terminals in the future. It deserves 
the greatest developmental effort. 

Those systems which may be automated or optimized to reduce delays or 
operating costs or to increase passenger convenience are of two economic 
categories. The first category includes those subsystems which can be im- 
proved with no additional capital investment. An example is the optimization 
of terminal layout to reduce walking distance. All systems in this category 
should be optimized without question during design. The second economic 
category includes all subsystems which require additional capital expenditures 
for automation or optimization. Priorities within this group must be carefully 
established. 

In considering automation or optimization to reduce operating costs, the 
total cost of operating the existing system must be compared to the operating 
cost plus the capital recovery necessary to amortize the additional investment. 
If the total operating cost plus capital recovery of the improved system is 
less than that of the unimproved system, the system is a candidate for improve- 
ment. 

In the air transportation system there are two major components which, 
when delayed, render the system less effective. These components are the 
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passengers and the aircraft. In establishing priorities for subsystem 
improvement it is necessary to determine which subsystems generate the greatest 
delay for passengers and/or aircraft. 

The Critical Path Method is an established procedure for listing opera- 
tions in order of inter-dependence and for determining which operations cannot 
be delayed without delaying the entire system. Such crucial operations are 
said to be on the "Critical Path." 

In order to determine priorities for subsystem improvement, critical 
path analysis of processes involving passengers and aircraft must be made. 

Those operations on the critical path are candidates for improvement. If by 
optimization or automation the critical path is shortened to the extent that 
another 'group of operations becomes critical, they too become candidates for 
improvement . 

When all the candidate operations have been identified each must be investi- 
gated to determine what the improvements will cost and how much time or money 
they will save. That combination of improvements which renders the system most 
cost-effective should be implemented. 

Appendix 4-G contains the critical path analyses which led to the 
following subsystem priorities: 

Aircraft Related Delays (based on LllOl-385) 

Turnaround Station Intermediate Stop 

(1) Cabin Cleaning (1) Unloading Baggage 

(2) Turnaround Maintenance (2) Loading Baggage 

(3) Refueling 
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Passenger Related Delays 


Departing Passenger 

(1) Baggage transport to aircraft 

(2) Check-in waiting line 

(3) Walking time 

(4) Ground transport from origin 

(5) Gate process waiting line 


Arriving Passenger 

(1) Baggage transport to terminal 

(2) Baggage claim 

(3) Walking time 

(4) Ground transport to destination 


It is interesting to note that if the cabin cleaning operation for 
the LI Oil -385 were reduced six minutes a saving in aircraft delay time of 
19*4% could be realized. This could be done without improving any other 
operation related to turnaround processing. If in fact it is not possible 
to improve the cabin cleaning operation, investment in improving any other 
operation related to turnaround processing for the Ll 011-385 would be wasted. 
This is true since the critical path length would remain constant (It is 
assumed that other than passenger loading and unloading times and the ramp 
installation and removal times, the only other operations on the critical 
path, are fixed by the aircraft geometry.) 

4.5.3 Baggage Handling System 

4. 5. 3,1 Introduction 

The present system of baggage handling will not be economically feasible 
at terminals in 1980. In that year 372 peak hour operations are expected 
at the New York terminal. If sixty passengers were exchanged per operation 
and if each passenger checks 2.5 bags, 55,800 pieces of luggage must be pro- 
cessed per hour at peak hour. Each piece must be handled four times (tagging, 
sorting, loading trailers, loading aircraft). If all of these jobs could be 
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done at the rate of eight bags per minute, 465 employees would be required 
for baggage handling alone. Thus this inefficient and inconvenient system 
would cost roughly $930 per hour for salaries! 

4. 5. 3. 2 The Future System 

The baggage handling system of the future must, like the whole air 
transportation system, be faster, more convenient, and less expensive to 
operate. Speed and convenience require a system which unburdens the traveler 
of his luggage at the earliest possible moment and at points numerous enough 
to hold waiting lines at a minimum. These requirements, coupled with high 
demand and the need for low operating costs, make automation mandatory. The 
degree of automation required at a given terminal will depend on peak hour 
demand, the types of air vehicles used, available ground conveyances and 
terminal layout. The degree of automation which renders the system most 
effective should be implemented. 

In the fully automated system a departing passenger would, on arrival at 
the terminal, check his bags at one of many check-in points near all ground 
transportation. There the bags would be placed in a tote marked in binary and/ 
or alpha-numeric code to indicate air mode or terminal quadrant, gate, pad, 
flight, destination, and the passenger's socialsecurity number. Also at this 
time, reservations would be checked and billing initiated. The passenger, 
unburdened of his luggage, would continue to the main terminal. The baggage 
would proceed through a sorting process and would, on arrival at the proper 
pad, be stored until the correct flight was ready for departure. At the proper 
time the luggage would continue via conveyor directly into the aircraft. 

Upon arrival at the destination, luggage would exit the aircraft on con- 
veyors and enter the terminal building where it would be sorted" by ground 
mode and sent to pickup points near the proper ground conveyance. Thus a 
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passenger leaving the terminal via taxi would reclaim his luggage at the 
taxi stand. 

The system for private automobiles is somewhat more complicated. The 
baggage from the ground-mode sorter would enter a storage area which 
consists of a large number of storage cells. The matrix would also be 
represented in the terminal’s central computer. As a tote is placed in a 
storage cell, the social security number corresponding to the luggage is fed 
to the computer. The passenger then has only to signal for his luggage at . 
the pickup point nearest his car. At this signal, the computer would search 
it’s matrix for the correct social security number and demand the automatic 
picker to eject the luggage to the delivery conveyor. A coding machine would 
also mark the tote for the correct pickup point and, after a sorting process, 
the luggage would be conveyed to the passenger. 

4.3.3 The Baggage Handling-System .Cost Model 

This system is obviously new and untried. Therefore, cost models are 
impossible to construct without at least preliminary design. Due to time 
limitations, the preliminary design is at best sketchy, and alternate designs 
for subsystems have not been considered. The cost model is therefore neces- 
sarily approximate. The objective is to demonstrate the technical and 
economic feasibility of the system and to provide enough data to allow gross 
cost effective analysis. Appendix 4-G contains the preliminary design from 
which the cost model was derived. 

4.5.4 Aircraft Related Subsystem Improvements 

The baggage handling system of section 4.5.3 will greatly reduce the delays 
associated with baggage claim or distribution. The waiting times can be 
minimized by providing enough ticket agents and check in points. The number 
required for a given demand can be predicted by queuing theory. 
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The walking times have been minimized in the terminal layout and the 
location of the STOL ports were made to minimize ground mode travel time* 

4, 6 Ground Access Modes 

The study of ground facilities also included urban travel characteristics, 
trips to and from the congested Central Business District, costs of intra-- 
city travel, and how these specifically bear on the airport. 

4.6.1 Urban Travel Characteristics 

In measuring the effectiveness of the proposed system, cost and travel 
time are of major consideration. The cost and time involved is not only 
that of air fare and air travel time, but the expense, both in time and 
money of getting to the airport. Therefore, research was undertaken to 
determine both of these parameters for varying size urban areas. For analy- 
sis purposes, the trip to the airport was segmented into two parts; the trip 
from origin to the central business district and the trip from the central 
business district (GBD) to the airport. The following discussion is concerned 
only with the former. First, the number of daily trips to the central business 
district is presented, then trip time and cost, and finally, the model split 
or the percent traveling to the central business district by auto and other 
forms of transit. 

4. 6. 1.1 Daily Trips to the Central Business District 

When the possibility of a downtown STOL-port is present, an important 
factor to consider will be the number of people who travel to the central busi- 
ness district during an average day. 

A number of factors will contribute to trip generation by the central busi- 
ness district; the most important will be facilities available in the central 
business district (i.e. employment, shopping, facilities, etc.), configuration 
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of the urban street pattern, available travel inodes, and location of the 
central business district. 

The magnitude of these trips can be readily determined from the origin 
and destination studies that are part of every transportation plan. Such 
data has been taken from a number of studies in cities of varying sizes; 
the number of person trips to and from the CBD was then plotted against 
population. This is shown in Figure 4.18, Central Business District Trip 
Generation. 

As would be expected, trips to the central business district increase 
as population increases. We should keep in mind, however, that within the 
indicated ranges, trips to and from the central business district versus 
population give a straight line relationship on a log-log scale. This would 
suggest a decreasing rate of trip attraction with increasing population. 

This finding is borne out when trips to the central business are con- 
sidered as a percentage of total urban trips. When this data is plotted 
against population size. Figure 4.19, we see that trips to the central busi- 
ness district decrease as a percentage of total urban trips with increasing 
population. 

4. 6. 1.2 Urban Travel Time 

Investigation of various origin and destination studies, speed and delay 
studies, and transit studies, throughout urban areas in the limited states 
yielded data on average urban travel time. This time was analyzed on both 
automobile and other transit travel in regard to various groupings or urbanized 
area population. The results are presented in Table 4.7. 
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Comparative Urban Trip Times 
In Relation to Urban Population 


Urbanized area 
Population 

Mean Trip Time (min.) 

Auto 

Transit 

100,000 or less 

8 

15 

0.1 - 0.5 million 

11 

20 

0.5 - 1.0 million 

16 

30 

1.0 - 5.0 million 

22 

40 

over 5.0 million 

30 

60 


TABLE 4.7 

Source: (Estimated) Wilbur Smith [6] 
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As can be expected travel time is greater in larger cities and longer 
by transit. 

The travel time shown is portal^ to -portal time. In the case of the 
automobile this type includes walking from the parking area to the destina- 
tion. The trip time for transit includes the time for getting to the 
station, waiting time and time from the station to the destination, 

4 . 6 . 1 . 3 Modal Spli t 

The final step in determining the cost and time of travel to the central 
business district is to determine the number of people that travel by auto- 
mobile versus transit. This is called the modal split. 

Transportation studies of varying size cities were accumulated and urban 
population was compared to percent of auto and transit trips to the CBD. 

This data is shown in Table 4.8 and plotted on Figure 4,20. 

A simi-log relationship was assumed and a curve fit to the data. The 
equation for the curve is T = 363,38-51.82 log F where V - urbanized area 
population; T - percent of CBD trips by auto. 

Generally as the population decreases the percent of automobile trips to 
the central business district decreases, and thus, percent of transit feasi- 
bilities in some cities by 1980 may slightly alter this curve, however, it 
should be tempered by the universal growth of automobile use. 

4.6.2 Urban Trip Costs by Travel Mode 

Costs equations have been developed to predict the cost of a trip by 
transit or by automobile- (for 1966 values). 

Two such equations with approximate values are: 

Transit - 

'll 

Transit Cost: F + K (t- +60 ^ ) 

* ^ 
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F = one-way fare = $0.25 

= walking, waiting, and transfer time = 7 min. 
V 2 = speed - 10 mph 
K = time cost per minute = $0.02 
= trip length in miles 


Modal Split - 1966 


City 

Urban Pop. 
(1960) 

Percent 

Auto 

CBD Trips by: 
Transit 

Los Angeles 

(2,479, 015) 

45.5 

54.5 

Chicago 

(3,550,404) 

29.0 

71.0 

Philadelphia 

(2,002,512) 

41.4 

58.6 

Detroit 

(1,670,114) 

56.2 

43.8 

Boston 

( 697,197) 

40.0 

60.0 

Washington 

( 763,956) 

55.0 

45.0 

Pittsburgh 

( 504,332) 

49.1 

50.9 

Minneapolis 

(—482,872) 

73.2 

26.8 

St, Louis 

( 750,026) 

53.1 

46.9 

Houston 

( 930,219)' 

69.2 

30.8 

Kansas City 

( 475,539) 

69.6 

30.4 

Phoenix 

( 439,170) 

89.3 

10.7 

Nashville 

( 170,874) 

79.4 

20.6 

Chattanooga 

( 130,009) 

83.8 

16.2 

Charlotte 

( 201,504) 

85.9 

14.1 

Tuc son 

( 212,992) 

82.1 

17.9 


TABLE 4.8 


Source: Wilbur Smith, Various Transportation Studies [6]. 


73 



PER.4EMT OF CE>D TPIP6 BY AUTO 



Figure 4*20 





Automobile - 


A number o£ additional factors must be considered when dealing 
with automobile travel cost. The equation is: 

IP 

Auto Cost = ^ (| + c^d^) + K (t^ + 60 ^ ) 

wh.0r6 * 

AO = average occupancy 
P = parking cost per day = $1*00 

= out of pocket driving cost per vehicle mile - $0.04 
K - time cost per minute = $0.02 
t^ = walking and waiting time = 6 min. 

= trip length in miles 
= speed in mph = 15 mph 

When these equations are plotted. Figure 4.21, we see that when only 
one person occupies the automobile, total trip cost exceeds that of transit. 
As auto occupancy increases, trip cost drops below that of the transit trip. 

From the standpoint of the consumer, however, the transit-a'uto cost 
competition is more complex. Many of the costs associated with fees, and 
depreciation, are not considered in automobile operation. Another considera- 
tion is the versatility of the automobile. 


4.6.3 Urban Transportation to the Airport 


4. 6. 3,1 Airport Problem 


One problem confronting modern airports is that they are dependent on 
a transportation mode that rarely gets more than a foot off the ground: the 

automobile. While aircraft have improved tremendously in speed, capacity, 
and efficiency, the automobile has not. Although its potential speed has 
increased, the automobile, through proligeration, has kept is own actual 


speed down. Most cars still carry only six passengers but there is little 
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comfort available when they do. Because the auto rarely transports its 
designed capacity at its designed speed, it is much less efficient a mass 
transporter compared to a bus, for instance. Thus, so long as 75% of the 
air travelers connect to their destinations via automobiles, the airports 
will be hampered by increasing ground congestion. 



Figure 4.21 



4. 6*3,2 The Effects of Transportation Congestion on the Airport 

Although the primary emphasis of this report is intercity air trans- 
portation, it was soon realized that some discussion of ground transportation 
was necessary. Today* s civilization is highly technical and machine oriented, 
as the body of this report will attest. Modem machines, men, and complex 
systems have become highly interdependent. 

City problems also affect airports and air carriers. They are plagued 
by the same traffic congestion that some say will destroy or blight city 
cores. At the same time urbanization has become suburbanization and once 
remote airports now are surrounded by industry and housing tracts. There 
are several ways that these affect airports. 

Travelers in large cities are often confronted with trips to and from 
airports which take as long as the plane ride. As important, the time to 
make the entire journey, door-to-door, is now at a par with the travel time 
of more traditional ground modes for short trips. 

Many flights arrive and depart these busy airports at generally the same 
time as the morning and evening traffic rush hour. So long as this persists 
there can be little help for the auto oriented passenger who must fly at these 
times . 

Most passengers are automobile oriented. Compared to mass transit modes 
the auto is rather inefficient. These autos require large airport access roads 
and a good deal of expensive land in which to be parked. 

Because the bulk of passengers arrive singly, they must be similarly dealt 
with for ticketing and baggage,. This has slowed process time within the air 
terminal. 

The growth of facilities and services at airports has necessitated local 
expansion. When an airport cannot expand in place it must relocate to survive. 
Unfortunately the result often is that the airport is even more distant, and 
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inaccessible, to the potential passenger. Inaccessibility can persuade 
people to use other means of transportation. 

Engineers have sometimes become too enrapt in their own creations. Tech- 
nical advance in one area does not automatically mean advance in another. So 
called "Jumbo Jets" may prove more mischief than good if serious effort is not 
given to easing congestion problems both at the airport and on the highway. 
Improvements in ground transportation will not occur without public 
support. The engineer must not only analyze the transportation needs of the 
community but also its social needs. His design must reflect both. A sound 
means of financing must be put forth, and the public must be made aware of the 
need for transportation improvements. 

This list is not all inclusive, but rather given as an insight into the 
problem at hand. 

4. 6.3. 3 Facing the Problem of Congestion 

Two general methods are employed to ease air and ground congestion at 
airports: Centralization and Satellite, 

Centralization methods envision to consolidation of the airline collection 
point and simultaneously improving the collection capability. This type includes 

1. Exclusive airport right - of - way. 

2. Shuttle rapid transit to the airport. 

3. Off airport auto parking combined with closed 
loop shuttle. 

The satellite schemes envision separate airports for each category of 
air travel and cargo. This method includes: 

1. Construct new, exclusive type airports while 
maintaining present airports. 
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2 . 


Limited purpose airports with separate terminals, 
runways, taxiways and ground transit connections 
but located in the same general area, 

3. The use of off-airport or downtown terminals with 
scheduled transit to the airport. 

4. 5. 3. 4 Rapid Transit and the Automobile 

The automobile will apparently remain the primary ground link to the 
airport. Aside from relocating airports, three steps must be taken to ease 
ground and terminal congestion associated with airports: more efficiently 

provide for the automobile, provide community rapid transit, and improve 
baggage handling and ticketing (See Section 4.5). 

One promising method to improve automobile use is to relocate parking at 
some distance from the airport. For example a valet- type, multistory parking 
garage within a mile or so of the air terminal is one method. While this would 
not significantly cuit travel time or road congestion it would ease parking and 
terminal congestion. Within the parking garage would be located complete 
ticket validation and baggage handling facilities. The passenger and his baggage 
could be moved to the terminal proper via small monorail, as proposed by Braniff 
at Love Field in Dallas, or other shuttle. The passengers could then proceed 
directly to the gate while his baggage is moved to the aircraft. Alternatively 
the passenger could leave the shuttle away from the main terminal and in fact 
never go near this area, A connection between the shuttle and a "horizontal” 
elevator similar to those at Tampa International could further improve passenger 
flow. 

Off airport parking at relatively short distances would not improve the 
congestion of the roadways. Greatly expanded or elevated expressways or 
limited accessways would be needed to complete this system. 
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Additional to off-airport parking is rapid transit, primarily rail and 
has. Today our only operating rapid rail transit to an airport is at Cleveland, 
Ohio. It has proven to be rather popular and carries about 4000 passengers per 
day. Rail transit is particularly suited to very high speed, high volume demand 
and is a proven system. 

Buses have been used for some time at airports throughout the country and 
carry some 22% of all airport ground traffic. Unfortunately at present buses 
must compete equally with autos, trucks, etc., on the freeway. Recent proposals 
for "Busways,” roads restricted to buses only, would seem a great improvement 
over the present situation. Buses are also suited to large demand transit but 
’^busways’* are as yet unproven. 

Another use of the bus involves modem small buses which are small enough 
to negotiate neighborhood streets. Radio dispatched and operated for the air- 
port rather than individual air carrier these buses could pick up and deliver 
passengers at the door step similar to a taxi. A similar computer system has 
been operated in Flint, Michigan. 

Other rapid transit concepts were considered but were rejected for this 
report. Many of these systems have never been tried and too little data is 
available about them. They are: 

1. Monorail 

2. Urbmobile 

3. Glideway 

4. Guideway 

5 . Dart 

6. Carveyor 

7. StaKRcar 

Thus rapid transit concepts and costing were limited to the bus and rail 
car only. This is not meant to imply that any other system should not be con- 
sidered. On the contrary, all proposals should be considered and the one best 
or combination of best suited to a situation used. 


80 



4. 6. 3.5 Results and Conclusions 


The results of this investigation are: 

1. Traffic improvements are necessary to keep pace with 
airport and air traffic expansion. 

2. To about 12,000 passengers per hour the bus with bus- 
way is theoretically the most economical rapid transit. 

3. Above 12,000 passengers per hour the rail car is an 
efficient rapid transit. 

The traffic and congestion situation is such that any Rapid Transit 
should be considered, but more important, some’ Rapid Transit must be used 
to insure the growth of the community and the airport serving it. 

4. 6.3.6 Re commendation 

The time of hesitancy by city governments and transportation authorities 
is over. In order to adequately meet the demands of the future, a sound rapid 
transit or improved highway and parking system must be proposed, debated, and 
evaluated. Easing airport congestion helps not only the airlines and airport, 
but more important— it insures continued growth for the host community. The 
engineer must recognize the varied needs of the city and design accordingly. 

The populous must be kept informed of the need and benefits of improved 
traffic conditions. At the same time, the airlines should give strong con- 
sideration to the relocation of terminal services. 

All of these activities must be coordinated so that the final result will 
be the most advantageous system possible. 

4.7 Conclusions 

In testing the model to determine location of STOL. ports relative to CTOL 
ports, we discovered that the STOL port is always located on the opposite 
side of the city relative to the CTOL port or S/CTOL port. 
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The reasons seem to be exemplified by Figure 4.22. In that figure, 
one will note that for a square city of side L, the total terminal cost of 
STOL related facilities plus CTOL facilities is at a minimum when the dis- 
tance between them is L. 

This suggests that land costs rapidly outweigh ground access costs. 

This can be seen in Figure 4.23 where as access costs reach a minimum land 
values skyrocket. 

Based on this, we would have to say that unless the traveler's value of 
time increases sizeably or unless unusually low cost land is available near 
the city center, airports should continue to be located near the periphery of 
the urban area. 

It should be apparent that the application of the system’s approach 
to terminal location and design lends itself to allow the planners to relate 
the air terminal to the whole urban area. All too often, public projects as 
massive as an airport tend to see their problems and the problems they create 
purely from the standpoint of what is in their own interest. Technology must 
move beyond this to a more sophisticated and human viewpoint. 

Man not only shapes his environment, but is shaped by it. The systems 
approach allows the engineer and persons in other disciplines such as economics, 
sociology, architecture, political science, and urban planning to evaluate the 
tradeoffs and implications of their professional decision making. 
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CHAPTER 5 


AIR VEHICLE DESIGN 


5*1 Introduction 

The objectives of the air vehicle design group were to provide a 
variety of aircraft design configurations and a means of obtaining cost 
data for each design. 

This was accomplished through the development of mathematical models 
for aircraft design, computation of initial aircraft cost and direct 
operating cost. 

In order to narrow the scope of the problem in face of limited time 
and personnel available for the study, certain assumptions and restrictions 
were applied. A major decision of this type was to restrict the design 
group’s efforts to consideration of configurations of the fixed wing turbo- 
prop STOL (short take-off and landing) aircraft. There will be no attempt 
to justify selection of the fixed wing turboprop over other STOL, VTOL 
(vertical take-off and landing) and CTOL (conventional take-off and landing) 
aircraft. It is felt that the systems approach utilized in this study is 
applicable to other aircraft systems, and it is desirable that similar studies 
be conducted on other types of aircraft designs to provide a complete evalua- 
tion of all available systems. It should be pointed out that the decision to 
consider only the fixed wing STOL aircraft affected the decisions of the 
other groups participating in the study by narrowing the range of options 
available to these groups in their analyses. In the following sections, the 
procedures employed by the air vehicle design group are described. 
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5 . 2 The Air Vehicle Design Model 


5.2.1 Design Model parameters 

The choice of input parameters to the design model was the following: 
the number of passengers, the design range, and the cruise speed. Origi- 
nally, cruise altitude was included as a separate input, however, it was 
later assumed to be a linear function of cruise speed. Some of the more 
significant output which were generated from the model included the following 
parameters: gross weight, a component weight breakdown, physical aircraft^ 

dimensions and wing area, engine thrust, and runway length required for take- 
off. With the exception of runway length required, all of the generated 
output was used in a direct manner by the cost analysis model. 

5.2.2 Design Model Procedure 

The approach used to provide the desired output involved an iteration 
procedure to determine the correct total gross weight and wing area of the 
aircraft which results in optimum cruising conditions. The number of passen- 
gers required determines the fuselage size and the cruise speed provides, a 
design altitude so that cruise air conditions are known. At this point the 
iteration begins by assuming an arbitrarily small value for wing area (50 
square feet). Now enough information is known to determine Reynolds numbers for 
the wing and the fuselage, making possible calculation of cruise parasite 
drag coefficient, C , and the lift coefficient, C , which results in the optimum 
cruise conditions. For optimum cruise, the lift to drag ratio, L/D, is a maxi- 
mum, thus yielding optimum use of the wing at a given speed. For this case: 

1/2 

C = (C_ * ^ e ♦ AR) ' 

o 

where 

Q parasite drag coefficient 

Q wing efficiency assumed 0.87 

A^ aspect ratio assumed 7.0 
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and 


l/d 


max 



If the calculated value of C becomes greater than 0*5 then there 

Li 

is a possibility of wing stall due to vertical gusts. Therefore, if 
'C is calculated to be greater than 0.5 then it is set at 0.5 and the 

Li 

corresponding L/D is determined by: 


L/D=Cl/CCj, +0^) 

O 1 


where : 

2 

C = / (n * e • AR) is the induced drag coefficient. 

Jj . Li 

1 

Knowing allows a first approximation of the total gross weight, WGl, 
from the basic equation: 


WGl ^ 1/2 C, 


p v^s 


where : 


C lift coefficient 

Li 

p Qj_x density at cruise altitude 

V cruise velocity 

S wing area 

At this point the various component weights were calculated based on the 
input parameters, wing area, and the first approximate gross weight, WGl* 

The summation of these weights yields the second approximation of the gross 
weight, WG2* At this point, had WGl and WG2 been identical, we could logically 
conclude that the assumed wing area at the beginning of the iteration was the 
correct wing area* In general, however, this was not the case* Therefore, we 
form the quantity, AWG, where 

AWG = WGl - WG2 
and store this value. 
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The procedure now is to go back to the beginning of the iterative 
loop and incrementally increase the assumed value of the wing area and 
repeat the process until a new value of AWG is determined. This is 
continued until wing area has reached some logical maximum value (3000 
square feet, for example), and for each assumed wing area, there is a 
corresponding value of AWG. At this point a search is made all of the 
values of AWG, and the final design selected is the wing area, gross weight, 
and all other related parameters which correspond to the smallest value of 
AWG. (Figure 5.1). 

OeSlGM Mooeu 



Figure 5.1 

At this point, all of the required output has been determined with 
the exception of runway length. To find this parameter, it is necessary 
to assume a value for lift-off velocity which was taken to be 118.5 fps, 
and we must further assume that take-off or roll acceleration is constant. 
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Under these assumptions, it can be shown that the distance to lift-off can 
be found from: 


^lift-off ^lift-off ^ ^roll 


Now runway length is approximately: 

EML = 1.5 

The acceleration available is calculated from Newton’s Law: 

_ Fo^^ce • g 
^roll ~ WG 


It was assumed that roll acceleration should be limited to 10 fps to 

avoid passenger discomfort. Therefore, if roll acceleration was found to 

2 

exceed this maximum value it was set to 10 fps for purposes of calculating 
runway length and thus only a fraction of the available thrust would be 
utilized during take-off. 

In calculating roll acceleration, the force acting on the aircraft 
is found by 

Force = (Thrust^^^^j^ - - WG • fj. 

where p, is the ground roll friction taken to be 0.2. Roll thrust can be 
found from a knowledge of cruise thrust, which was calculated previously, 
and roll drag is calculated based on sea level drag coefficients and lift 
off velocity. 

Appendix 5-A contains specific data and formulas employed in the 
aircraft design model, including a reproduction of the computer program used. 


5.3 Interior Configuration 
5.3.1 Aircraft Interior 

Consideration of interior passenger seating and accommodations is 
necessary in the design of any passenger aircraft. An analysis was made 
of several possible seating arrangements for each passenger load con- 
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sidered in the study, and fuselage length and width were determined from 
these studies for use in the design model. 

Some assumptions were made in regard to passenger seating. It was 
determined that all seating would be of a single class, with a seat width 
of 20 inches and a seat pitch of 34 inches. This is comparable to the 
tourist class seating planned for the new generation of "jumbo jets" and 
to first class accommodations in some present commercial aircraft. 

5.3,2 Fuselage Length 

Determination of fuselage length was obtained through use of the equa- 
tion presented in MIT Flight Transportation Laboratory Technical Report 
F-T-66-1, ’’Analysis of V/STOL Aircraft Configurations for Short Haul Air 
Transportation Systems": 

Fuselage Length (ft.) = +3.7 ’ No. of Doors 

+ 4,5 • No. of Toilets + 27.5 

Cockpit and tail assemhlies are accounted for with the inclusion of a 
constant value of 27.5 feet, while the other -terms are self-explanatory. 

Seating arrangements of four, five, six, and seven passengers abreast 
were considered for loads of 40, 60, 80, 100, 120, 140, and 160 passengers 
(Figure 5.2). 
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Figure 5.2 


Number of doors and number of toilets were assumed for given passenger 
loads as shown in Table 5.1. 


No. of passengers 

Passenger Accommodations 
No, of Doors 

No . of Toilets 

160 

3 

4 

140 

3 

4 

120 

3 

3 

100 

2 

3 

80 

2 

2 

60 

2 

2 

40 

1 

1 


TABLE 5.1 
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Toilets are assumed to be located opposite one another when possible, 
thus no increase in fuselage length was calculated when the number of 
toilets was increased from one to two or from three to four. 

No additional fuselage length was provided for the accommodation of 
buffets for food preparation or for cloakroom space. It is assumed that 
these facilities can be provided when desired at the cost of some passenger 
capacity. 

Computed values of fuselage length for each passenger load and seating 
arrangement considered are shown in Appendix 5-B. 

5.3.3 Fuselage Width 

Fuselage width was obtained by modification of an equation presented 
in the reference cited above. The following was used: Fuselage width = 

seat width • seats abreast + aisle width + dead space. As previously 
mentioned, seat width of 20 inches was used, along with an aisle width 
of 18 inches. Dead space of 8 inches in fuselage width was assumed. 

Computed values of fuselage width are shown in Table 5.2 


Fuselage Width 



No. of Seats Abreast: 4 5 

6 

7 

Fuselage Width (ft): 8.8 10.5 

12.2 

15.3 


TABLE 5.2 

It should be noted that a second 18-inch aisle was added in the 
seven passenger abreast configuration. 
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5.3.4 Seating Arrangements 


The above computations provided fuselage length and fuselage 
width for each combination of passenger load and seating arrangement. 
Fineness ratio, or ratio of aircraft length to width was next 
computed, and those seating arrangements most closely approximating the 
median value of fineness ratio were the arrangements selected for each 
passenger load. 

As a result, the following seating arrangements were selected for 
passenger loads shown: 



TABLE 5.3 


5.4 Aircraft Cost Model 

The function of the aircraft cost model is to develop aircraft cost 
figures for the overall system cost-effectiveness model. The output of 
the model is a cost figure for the design, procurement' and operation of a 
fleet of aircraft through 1985. A computer program is used to calculate the 
design, procurement and operation costs from basic aircraft design parameters 
such as gross weight, speed and thrust. The model is divided in two parts: 

- Initial cost 

- Direct operating cost 
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5*4.1 Initial Cost 


The basic approach employed involves the use of regressional equations 
derived from aircraft already constructed. The primary source of these 
equations are reports BM-4845-PR & RM-4670-PR published by the Rand Corpora'^ 
tion. These equations are applicable to all conventional fixed wings air- 
craft. They are used in the cost calculation of short take off and landing 
aircraft (STOL) with some corrections in order to consider the complexities 
in design and manufacturing of this type of aircraft. The initial cost is 
considered in two parts: 

- Development cost 

- production cost 


5.4.2 Development cost 

This is the non-recurring expense of the design stage of the aircraft. 
It is assumed that the design stage covers 3 years. The development cost 
is equally spread over this period of time and carried through to 1985 with 
a 6% rate of interest. In the development cost we consider: 

Initial Engineering : The engineering cost required to produce one 

airframe. Speed and thrust of the engines are used as parametric variables. 

Development Support : The manufacturing effort in support of the 
engineering during the development stage. This includes labor and material 
for test parts, mock-ups and other hardware. This expense is considered 
a percent of the initial engineering cost. 

Flight test operations : The cost of the test of performance and 

control characteristics of the aircraft and the operation of its major sub- 
systems. The variables that affect this cost are gross weight, speed and 
the number of test aircraft built. 
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Initial tooling ; The expenditures in tooling realized before the 
first airframe is produced. The variables that affect this cost are gross 
weight, speed and the production rate of aircraft. 

Production Cost of Test Aircraft : The cost of building the test air- 

craft in accordance with the production cost estimating method, including 
engines. 

Engine Development Cost. ; The expense incurred in preliminary design, 
engineering and tooling of the prototype, the materials and bench testing 
and the cost of improvement of the engine performance. This is accomplished 
during the production stage. This cost is affected by the required thrust 
of the engine and the number of engines to be built. In this model engine 
development cost was not considered since off-the-shelf engines will provide 
required performance characteristics. 

Pro due tion Co st ; The recurring costs that occur during the manufacturing 
stage of the aircraft. In our project we consider three years for manufacture 
of the aircraft fleet. The cost is equally spread over this period of time, 
and carried through to 1985 with a 67c rate of interest. 

5.4.3 Production Cost 

Su staining Engineering ; The cost of engineering required to maintain 
the production. This covers any changes in the design and update of the 
original design. It is affected by the number of aircraft to be built and 
the initial engineering expense. 

Sustaining Tooling ; The cost of maintaining and replacing tools and 
other related services in the production stage. This cost is affected by 
the number -of aircraft being built and the initial tooling cost. 

Manufacturing Labor : The cost of labor required to build the aircraft. 

The effect of the number of aircraft being built is an important factor. A 
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75 percent cumalative average learning curve accounts for the reduction 
of unit cost as the production progresses from unit one to unit N* The 
variables that affect manufacturing labor are gross weight, speed and 
number of aircraft. 

Materials Cost ; This cost is also affected by the production run. 

In this case an 89 percent cumulative average learning curve is used. The 
materials costs are affected by gross weight, speed and the number of air- 
craft to be produced. 

Engine Production Cost : The cost of fabricating and assembling engines^ 

including labor, material, overhead, profit and sustaining tooling. It is 
affected by the engine thrust and the number of engines to be built. 

Furnishing an^ Equipment : The cost of seats, air-conditioning, lava- 

tories and other passenger conveniences. A direct empirical relation between 
the number of passengers and the furnishings cost is utilized. 

5.4.4 Direct Operating Cost 

This portion of the cost model considers the cost of operation of a fleet 
of aircraft over fixed routes. The method utilized to compute the direct 
operation cost of the aircraft is that of the Air Transport Association of 

I 

America (ATA), This method of calculation leads to results slightly different 
than those published by commercial airlines but it is widely used by the 
aircraft manuf actureres and commercial airlines as a means of comparison of 
the operating economics of competitive aircraft. As in the initial cost model 
some correction factors are employed to provide for the increase in maintenance 
cost of STOL aircraft due to the more complex design, compared with conventional 
aircraft. The Direct operating cost model is divided in two major parts: 

- Flight Operations 

- Direct Maintenance 
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5,4*5 Flight operations : The expenses incurred during the flight of the 

aircraft, to include: 

Flight crev7 cost : Crew salaries, training and travel expenses. This 

cost is principally affected by the gross weight of the aircraft. 

Fuel and Oil : The cost of the fuel and oil burned by the aircraft. 

This is an important item in the direct operating cost. It is assumed that 
the fuel utilized is JP-4 with a cost of 0.105 $/gal. and the oil is synthetic 
jet oil with a cost of 7.50 $/gal. This cost depends on the fuel consumption 
rate of the aircraft and the distance traveled by the aircraft. 

Hull Insurance : It is assumed that over the useful life of the airplane, 

the hull insurance has an average value of 2% per year, and also that insurance 
will cover the initial price of the complete aircraft. 

5.3.2, Direct Maintenance : The labor and material cost for inspection, 

servicing and overhaul of the airplane and accessories. This is a function 
of the gross weight, thrust, price of the aircraft and distance traveled. 

It includes: 

- Airframe Labor 

- Airframe Materials 

- Engine Labor 

- Engine Materials 

- Maintenance Burden 

5.4.6 Special Considerations 

The equations for the Initial cost calculation were derived for 
military fixed wing type of aircraft. They are being used for the commercial 
STOL concept, which may be questionable. Possible error in comparison of 
competing systems is minimized, however, since cost comparisons are achieved 
by subjecting both the STOL designs and conventional aircraft to which com- 
parison is made to the same cost model. 
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The ATA method of direct operating costs may produce some error in 
STOL application, since maintenance of unique features such as extended 
flaps and a propeller interconnecting system may increase operating costs* . 

An additional factor not considered is that short haul aircraft are subjected 
to more landings and take-offs than present longer haul aircraft, resulting 
in a possible increase in costs* Changes in costs of major aircraft com- 
ponents could have a significant effect on system cost. 

5.4,7 Remarks 

1. Labor costs are considered in terms of 1969 dollars per man hour. 

2. The total cost has been transformed to a 1985 value with a 6% com- 
pound interest rate, 

3. Avionic costs are included in the Air Traffic Control system cost. 

4. The test aircraft are considered to be used after the testing stage 
as production units, therefore, the production cost is calculated for 
(N-TA) aircraft instead of N(TA Number of Test aircraft). 

5. In cost comparison with existing aircraft, development cost was 
not considered. Production cost of the L-1011 was based on cost 
of the 200th unit. 

6. Aircraft over 120000 lb. of gross weight are considered to have a 
three, man crew aircraft for operating cost purposes. 

7. The utilization (block hours per year) factor of the aircraft is 
considered a function of the block time. Short haul aircraft are 
subjected to a smaller utilization then long haul. 

8. An increase of 5 % has been assumed for STOL aircraft in initial 
engineering, tooling and manufacturing labor costs to account for 
complexities in design as compared with conventional aircraft* An 
increase of 204% has been assumed in the production cost of engines 

to account for the cost of propellers and their interconnection system 
in STOL design. 
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9, An increase of 10% in direct maintenance cost has been applied to 
STOL aircraft in order to account for complexities in maintenance « 

10. In the equations for the initial cost calculation, the dollar cost 
per hour of labor, engineering and tooling includes the following: 

- Direct Labor 

- Overhead 

- General and administrative charges 

- Quality control 

- 10% profit of the airframe manufacturer 
5. 4,8 Cost Model Computer Program 

The computer program calculates the development, procurement and operating 
costs in a direct form, leading to a single cost figure for a fleet of aircraft 
to operate in the route model. The input information utilized is supplied 
from the Design Model, the Control Model and the Route Model. 

Input from the Parametric Design Model 

- Maximum gross weight 

“ Weight empty less engine weight 

- Weight of propeller interconnecting system 

- Number of engines 

- Engine thrust 

- Lift over drag coefficient (L/D) 

- Cruise speed 
« Design range 

- Time to climb to and descend from cruise altitude 

- Number of passengers 

Input from Control Model 

- Production run of the aircraft 

- Average flight distance 
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Input from Route Model 

- production run of the aircraft 

- Average flight distance 

5 .5 Current Aircraft Concepts 

The fallowing aircraft have been selected as being representative 
of the current aircraft system and are considered t3T>ical of the con- 
ventional aircraft (CTOL) operating in the 1975-1985 time period; 

Lockheed L-1011 
Boeing 747 
Boeing 727-200 

McDonnell-Douglas DC-9 Series 30 

Upon consideration of the characteristics of these aircraft, the 
Lockheed L-1011 was selected to represent CTOL aircraft in the route 
model. Appendix 5-D depicts the CTOL aircraft information gathered, 

A flow chart of the cost model is included in Appendix 5-C, 
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CHAPTER 6 


AIR TRAFFIC CONTROL 

6.1 Scope o£ the Problem 

6.1.1 A Problem of Delay 

The awesome problem of today's air traffic control is simple yet over- 
whelming. Stated in its most elementary form, aircraft are flying faster 
and faster to longer and longer waiting lines. It was possible to fly from 
Frankfurt, Germany to New York in about 14 hours, including landing, in 
1960. During July, 1968, some flights on the same route completed the trip 
in 5 hours but took another 3-4 hours to land. In terms of facts and 
figures, 292. airports in the United States accumulated a total of 330,000 
hours of delay (aircraft hours and NOT man hours) in 1966. Thus, recent 
increased volume high speed aircraft have flooded the present air traffic 
control system and predictions are of a worsening of the present situation. 

Thus the design of an air traffic control system, in conjunction with 
a common carrier aircraft system (USA, *75- *85), is quite necessary. It 
is intended to approach this design task by first formulating the general 
air traffic control problem and then, by comparative analysis, determine 
the system that most efficiently and economically provides adequate control. 

Formulation of the Air Traffic Control (ATC) problem first requires 
digression to a clear description of the purpose of air traffic control. 

Air traffic control exists primarily to provide safe and efficient flight 
instructions for large numbers of aircraft travelling. . . (instrument 
flight rule (IFR) and visual flight rule (VFR) at varying altitudes) to 
and from random points at scheduled and unscheduled times. Basically, 
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then, pilots wanting to fly between two or more points create demand. 

This demand is a function of traffic growth, aircraft mix (by type), 
and aircraft performance. The demand must be satisfied by the capacity 
to fill it. This capacity is a function of airspace, navigation aids, 
training, delay and weather. Further, there is a capacity ceiling, or 
delay criteria (presently 4 minutes delay established by the Federal 
Aviation Administration (FAA) which is defined as average maximum accept- 
able delay beyond which a particular air traffic control situation may 
not go due to threatened saturation. 

Thus, in simple equation form, air traffic control is an attempt to 
provide capacity sufficient to satisfy demand in a safe manner (Figure 6.1)« 


• Airspace 
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• Aircraft 
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• Aircraft 

Performance 


Capacity Versus Demand 
Figure 6.1 

This analysis leads to the determination that excess delay and not unsafe 
conditions is the primary failing of the air traffic control system. This 
same delay is a result of three causes (Figure 6.2), Congestion, the first, 
is simply too much demand. The second, inadequate equipment and facilities 
means primarily that the equipment and facilities are not capable of doing 
the job asked of them. Finally, inadequate procedures and poor personnel 
management, which are human engineering and management problems. 
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INADEQUATE 


EQUIPMENT & FACILITIES 



CONGESTION PROCEDURES & 

MANAGEMENT 

Causes of Delay 
Figure 6.2 

Additionally, the following situations emphasize the causes of delay 
and illustrate the basic weaknesses of the present air traffic control system: 

1. Control and controller capacity are often exceeded during peak 
periods . 

2. Sudden "surges" of demand at specific centralized control faci- 
lities cannot be adequately handled without adverse delay in other 
portions of the system. 

3. Weather has become increasingly more influential in its effects 
with increased traffic and higher velocity aircraft. 

Landing accidents have disproportionately increased. (See paragraph 
6. 2. 3.1, Safety.) 
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6.1.2 Objective 

It was quite obvious that present trends of increased delay are un- 
satisfactory for commercial aviation. Therefore, the specific objective, 
in the air traffic control area, was to design a satisfactory air traffic 
control system that would yield acceptable delay levels. This design was 
to have been completed in consideration of that level of delay specified 
as maximum. Thus, specific design objectives were: 

(1) Design of an air traffic control system capable of satisfactorily 
accepting the air traffic load 1975-85. 

(2) Design of an air traffic control system such that delay will be 
less than the delay criteria. 

(3) Design of an air traffic control system capable of being tailored 
to any specific terminal area (HUB). 

6.2 Design Formulation 
6.2,1 Background 

The existing basic philosophy of air traffic control designates controlled 
and uncontrolled airspace. The airspace is geographically divided into 
enroute sectors and terminal areas (HUB). Practically, control of aircraft 
is exercised by positive control in centralized operations (such as terminal 
areas and lanes or air routes through enroute sectors) while control in 
decentralized operations is nominal. This is basically a positive ground 
based separation service. 

The design approach taken was to model a generalized air traffic control 
system by digital simulation. The simulation was intended to reveal com- 
parisons of the different possible systems available or capable of develop- 
ment. It was necessary to outline several simplifying assumptions: 

(1) It was assumed that a terminal area, or HUB as it was designated. 



was definable with a specific boundary beyond which aircraft 
congestion was negligible. 

(2) It was assumed that the present method of probability of safe 
flight by aircraft separation would continue although separation 
criteria might change. 

(3) Two basic runway configurations were assumed. One was a single 
runway and the other, parallel runways spearated by 5000 feet. 

(4) Six basic HUB airport configurations (or cases) were adapted for 
consideration in conjunction with design groups of the common 
carrier project. They were combinations of STOL (Short Take Off 
and Landing) and CTOL (Convent ial Take Off and Landing) port 
configurations. Additionally, it was assumed STOL aircraft would 
be capable of utilizing CTOL facilities but the converse was not 
acceptable (Figure 6.3). 
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Six Basic HUB Configurations 



Figure 6.3 






(5) It was assumed that IFR operating conditions were in effect and 
that each runway of a particular configuration had only one 
approach and departure pattern. 

Reasonable constraint requirements were also considered: 

(1) Realistically, any system or subsystem designed must be compatible 
with the system presently in existence. This requirement was 
necessary as a result of prohibitive costs and retraining requirements. 

(2) An air traffic control system for 1975-85 must conform with NAS 
STAGE A (See Appendix 6-C, NAS STAGE A description). 

(3) Instantaneous aircraft arrival and local flight generation are 
not politically controlable (Random arrival will continue) . 

(4) Conformity must be established within existing technical and 

r 

physical limitations. 

(5) Delay reduction was to be accomplished only by expansions and 
improvements of equipment and facilities. 

(6) System design of facilities at each HUB must be considered an 
independent procedure because the requirements of each were 
different. This is not to say that the functioning of each HUB 
is independent of all others. 

(7) Safety requirements of an air traffic control system must conform 
with presently indicated trends of safety levels (See Paragraph 
6.2. 3.1). 

6.2.2 General Approach 

It was determined that delay is caused by (1) Congestion, (2) Inadequate 
equipment and facilities, and (3) Inadequate procedures and personnel 
management (See Figure 6.2). Consideration was only given to redes5.gn of 
equipment and facilities. National Airspace System (NASA) Stage A design 
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considerations and follow on Stages B and C will ultimately attempt to 
provide relief for congestion (See Appendix 6-C) . Procedure and personnel 
management changes were not considered because "real time" simulation 
modeling would be required to measure the effect of such changes. 

Consideration of traffic patterns (See Figure 6.4, Cartographatron 
of Air Traffic Patterns) makes apparent the criticality of the terminal 
area or HUB as it is herein defined. It was therefore mandatory to plan 
each HUB as an integral part of the system. Further, a method of evaluating 
the effectiveness of any particular HUB would be necessary in order to 
predict maximum capacity. 



CARTOGRAPHATRON TRAFFIC PATTERNS 
Figure 6.4 
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The method of evaluating a typical HUB was a digital simulation of a 
type airport. This model has the capability of predicting delay based on 
certain basic input data. Thus, there was a wide range of possible options 
open for consideration. One important consideration involved the dual use 
of this model. The model may be used to predict delay for a particular 
airport and may also be utilized effectively to indicate satisfactory design 
analysis of several airports servicing a HUB (See Figures 6.5 and 6.6). 

The quantative measures selected to gauge an air traffic control 
system were delay, aircraft mix (by type), operations (total), and operations 
per hour yearly average. These were defined as follows: 

(1) Measure of Effectiveness: Delay 

(a) Delay is defined as differential of time between 
landing of single aircraft (only one in the system) 

and landing of any aircraft when the system is operating 
with other aircraft. 

(b) Delay is measured in minutes. 

(c) Delay is considered, for this analysis, a yearly 
average per aircraft (irrespective of type). 

(2) Measure of Capacity: Operations/Hour 

(a) Operation is defined as a landing or a takeoff. 

(b) Operations/Hour was compured on a yearly average basis. 

It is average take offs/landings per hour. 

(3) Model. (See Model Discussion Section 6.4 and Figure 6.5) : 

(a) Input: Airport Characteristics 

Operations/Hour (demand) 

Control Package Parameters 
Aircraft Mix 

(b) Output: Delay 
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DELAY PREDICTED (/v\»M6.:> 


DELAY MODEL 
Figure 6.5 

(4) System Analysis (See Figure 6.6) 

(a) Input : Airport Characteristics 

Airport Congifurations Under Consideration 
Demand 

Delay Criteria (Maximum Acceptable Delay) 

Control Package Parameters 

(b) Output: Delay 

Recommended Airport Configuration 
Total Cost 

The dual capability of the dealy model facilitates consideration 
of many alternative equipment and facility packages. Each package may be 
evaluated independently under various system demand conditions (Operat- 
ions/Hour). This method allowed ordering of each package relative 
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SYSTEMS ANALYSIS OF DELAY 
Figure 6.6 
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to all others and facilitated both suboptimization and sensitivity studies 
of system (HUB) reaction to variations of specific air traffic control 
model parameters (see Model Discussion, Section 6.4). 

The aircraft classifications utilized were for the purpose of estab- 
lishing aircraft mix. These classifications were as follows: 


TYPE CLASS 

Large Turbo jet 1 

Four-engine propeller transport 2 

Two-engine transport (8000-36000 lbs) 3 


Two-engine transport and high performance 

single-engine aircraft (including STOL) 4 
Single-engine aircraft 5 

6.2.3 Analysis 
6. 2. 3.1 Safety 

An air traffic control system must safely provide adequate capacity 
for a specific demand. This implies airborne separation of aircraft since 
no two aircraft may occupy the same airspace. Therefore certain basic safety 
constraints and considerations must be understood. 

(1) All components of an air traffic control system must fully 
comply with current safety requirements. 

(2) Anticipated components must provide a safety level equivalent 

to that anticipated from existing safety trends (See Figure 6.7). 

(3) Safety trends are more accurately portrayed by accident/fatality 
vs. departure statistics. The exposure to danger during an air 
trip is not uniform throughout the trip and thus a trip of long 
length and no intermediate landings could possibly be safer than 
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one of short duration but with several landings and take-offs. 

(4) A primary purpose of air traffic control is that of safely meeting 
demand. The emphasis on safety, statistically indicated rise in 
landing accidents, (See Figure 6.8), and recognition that a very 
high percentage of all accidents occur in the terminal area have 
all generated a need for a collision avoidance system (See Figure 
6.9). Such a system is not now in existence. Discussion and 
consideration of collision avoidance is outlined in Appendix 6-E. 
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6. 2. 3. 2 Performance Improvement 

There are many techniques available for improvement of the control 
of air traffic over present performance levels. The more important of 
these include: 

(1) Preassigned Departure/Arrival Times ; This technique requires 
considerable computer assistance. It consists of second-by- 
second scheduling and flight progress monitoring to insure 
that takeoffs and arrivals are exactly on schedule. The 
NAS packages will eventually provide a limited capability 

in this area (See Appendix 6-C, National Airspace System). 

This technique was not considered in this analysis. 

(2) Speed Class Sequencing ; Aircraft of similar speed capability 
are grouped together in an approach sequence to reduce 
intervals between aircraft. This technique is politically 

and economically difficult to implement and was not considered. 

(3) Path Stretching; This technique is the procedure of assigning 
faster aircraft longer approach paths to have them arrive in 
coincidence with slower aircraft. Path stretching is diff- 
icult to control since each operation must be hand controlled 
and large numbers of simultaneously occuring cases of path 
stretching reduce safety margins. Path stretching was not 
considered. 

(4) Computer Aided Approach Sequencing (CAA S); Aircraft are 
assigned times and positions at which they may depart the 
holding pattern based on their turn to land and their velocity 
profiles. CAAS is a worthwhile technique for further 
consideration but was not considered. 
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(5) 

Separation Reduction (SR): This technique limits the distance 


(time) of aircraft separation. The technique was considered. 
It appeared initially the most promising because there were 


many obvious ways of implementing SR. Further it appeared 
to be the technique that would result in the most improve- 


ment . 


The delay model input parameters were basically time separation 
parameters for a pair of aircraft. The parameters represent separation 
of two aircraft (in seconds) for the possible combination of landings 
and take-offs. The time separation parameters are (see Figure 6.10). 


(1) 

T Time from Departure "start to roll" down the runway of 

the first aircraft to "start to roll" of the second 
aircraft (Departure-Departure) • 

(2) 

F Time from Departure "start to roll" to arrival "ovei 

commitment" (point on final approach beyond which the 
aircraft must "touch down") (Departure - Arrival). 

(3) 

R Time of runway occupancy from "over threshold" (over 

approach end of the runway) to slow down to a ground speed 
of 25 MPH. This speed was considered slow enough for 
aircraft to safely turn on to runway turn-offs. 

(4) 

C Time from "commitment to land" to "over threshold" for 

an aircraft. 

(5) 

A Time of separation for an arrival followed by an arrival 

(Arrival - Arrival). 


The effect of separation reduction may be observed in two ways. 
First, a specific item of equipment or facility modification may be 
substituted into the system. This infers a change in one or more of 

% 

the delay model input parameters (time separation parameters). 
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Figure 6.10 


Second, incrementing each time separation parameter, while holding all 
others constant, may reveal the most "sensitive” parameter. This infers 
that a change of the most "sensitive” parameter will result in the most 
system improvement. The change necessary for the "sensitive” parameter 
may result from appropriate equipment and for facility modification. 

The analysis utilized in this study consisted of selection of three 
typical equipment packages that were based on (1) present capability, 

(2) 1975 capability and (3) 1980 capability. The delay model was 
utilized, in conjuction with the three equipment packages, to predict 
delay. The consideration of each package also involved, for each HUB 
and demand condition, selection of an airport configuration and comparison 
of the predicted delay with each HUB delay criteria. When the predicted 
delay exceeded the HUB delay criteria, another airport configuration was 
considered. Concurrently with this computer analysis^ and built into 
the computer program, cost appraisals were accumulated. 

6.3 Equipment Evaluation 
6.3.1 General 

Equipment evaluation was concerned primarily with selection and 
evaluation of equipment for each of the three packages necessary for safe 
and efficient air traffic control (ATC). Since this equipment varies 
significantly as a function of the amount and type of traffic into and 
out of an air terminal, only those terminals with at least 24,000 itinerant 
operations per year and between 20,000 and 50,000 instrument flight rule 
(IFR) operations per year were considered. The 24,000 itinerant operations 
per year qualify an air terminal for an Air Tiaffic Control Tower (ATCT) 
and the 20,000 - 50,000 IFR operations per year qualify the air terminal 
for a Terminal Radar Control (TRACON) facility. Itinerant operations, 
as used in this context, were comprised of all planes that depart for 
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destinations elsewhere or that arrive from departures elsewhere. Typical air ^ 

terminals within these bounds include the ones at Atlanta, Georgia; Memphis, 

Tennessee; and Jacksonville, Florida. A single runway configuration and 
Instrument Flight Rules (IFR) conditions were assumed. 

The consideration of ground equipment for ATC was accomplised by 
examining three different configurations of typical equipments. These 
three equipment were designated as (1) present equipment including 

an ASR-4 Radar and standard Instrument Landing System (ILS), (2) an ASR-7 
Radar, equipment in Phase A of the National Airspace System (NAS) plan, 
and a standard ILS, and (3) equipments in (2) plus an improved ILS. The 
initial portion of this part of the report will provide a brief description 
of the various equipments and identify those performance parameters which 
were pertinent to improved ATC. This description and identification will be 
provided for each of the three equipment packages. The second portion of 
this section will stipulate values for various system level performance • 

parameters (time separation parameters) which can be modeled in a computer 
program to determine optimum equipment configurations. Systems level ^ 

performance parameters were those that involve ground equipment, aircraft 
class, and terminal runway configuration. Optimum equipment configurations 
were those that provided minimum delays to air traffic. The final portion 
of this section consists of "playing” the equipment performance parameters 
against the system level performance parameters in such a way as to reveal 
improvements (or decreased delays) possible in the ATC system. These 
improvements will be identified as a function of the three equipment packages. 

A 

6.3.2 Equipment Performance Parameters 
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6. 3. 2,1 Equipment Package No> 1 


Equipments in this package are intended to represent those in present 
use; however, such equipments are large in number and vary widely from one 
installation to another. Consequently, only those equipments likely to 
(1) significantly influence traffic delays and (2) be common to a majority 
of the installations are considered. With this in mind, the equipment in 
Package No. 1 consisted of: 

(1) An ASR-4 Radar System 

(2) A Standard FAA Instrument Landing System 
6. 3. 2. 2 Equipment Description 

The ASR-4 System consists of a radar antenna, transmitter, receiver, 
displays, performance moitors, and control /distribution units. Except for 
the antenna, major components of the system are duplicated to provide re- 
dundant operation. Maximum operational capabilities of the ASR-4 are 
approximately 54 nautical miles in range; 30, 000 feet in altitude. Aircraft 
range and azimuth position are displayed to the controller on Plan Position 
Indicators (PPl’s). The system is usually located at two different sites, 
one designated the radar site and the other the indicator site. The 
transmitter, receiver, antenna and performance monitors are typically 
located at the radar site while the displays and remote control units 
are typically located at the indicator sites. The two sites are connected 
via either microwave data link or underground cables. Separation between 
the two sites is limited to approximately two miles when underground 
cables are used because of signal attenuation in the cables. 

The ASR-4 System operates in the S-band frequency range (2.7 to 2.9 
gigahertz) with a peak power output of 450 kilowatts. The antenna scans 
a 360 degree azimuth plane with a radiaton pattern that is 1.5 degrees in 
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in the horizontal plane and cosecant squared 5 degrees in the vertical plane. 
The transmitter uses a magnetron signal source and has one of three 
standard pulse repetition frequencies chosen at the time of manufacture. 

The receiver provides a Normal and a Moving Target Indicator (MTI) mode 
of operation. Normal reception detects and processes all reflected signals 
within the system range. MTI reception cancels stationary target echoes 
enhancing moving target echoes. Both receiver modes use an amplifier to 
increase the received signal strength. 

A standard ILS is comprised essentially of an Outer Marker Beacon 
and a Very High Frequency (VHF) localizer. The Outer Marker is located 
4 to 7 miles from the end of the runway and is identified by its 400 
cycle modulation. The glide slope at the outer marker is approximately 
2920 feet in width, 475 feet in height, and 2.5 degrees above the horizontal. 
Lateral deviation from the center of the glide slope path is determined 
by a cockpit indication of either 90 or 150 Hertz modulation. The Middle 
Marker Beacon is modulated with a 1300 Hertz signal and is located app- 
roximately 4500 feet from the end of the runway. At this Beacon, the glide 
slope path is approximately 915 feet in width, 5 feet in height, and 200 
feet above the ground. Both of the Marker Beacons operate at 75 megahertz 
with an output power of approximately 2 watts. The VHF localizer is at 
the end of the runway and radiates 100 watts in the 108.1 to 111.9 meg- 
ahertz frequency range. 

6. 3. 2. 3 Performance Parameters 

The following represent the major performance parameters for the 
ASR-4 Radar System: 

(1) Range Accuracy - Targets are shown within 2 percent of their 

true range provided they are at a range in excess of 10 percent 
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of the sweep range in use. In no case will the absolute error 
be over 2 percent of the true range. 

(2) Azimuth Accuracy - The maximum angular error in the position of 
targets is + 1 degree, 

(3) Range Resolution - The system distinguishes between two different 
targets in the same class separated by a distance of 1300 feet 

on the 40 mile range. 

(4) Azimuth Resolution - Targets of the same class, equidistant from 
the antenna, and separated by approximately 2.25 degrees are in- 
dicated as separate targets provided they are at a range in excess 
of 10 percent of the sweep range in use. 

(5) Maximum Range - Targets 54 nautical miles from the antenna are 
detected . 

The major performance characteristics for the standard ILS are: 

(1) Glide Slope Approach Path - A single glide slope approach path 
is provided. 

(2) Aircraft Position Indication - The precise determination of 
aircraft position is indicated within a + 4 degree beam for both 
the localizer and glide path. This beam is measured relative to 
the runway centerline. 

6. 3. 2. 4 Equipment Package No . 2 

Equipments in this package are intended to represent those in current 
use plus those whose utilization and installation are already planned. 
Package No. 2, therefore, contains all of the equipments in Package No. 1, 
except the display units, plus those equipments identified in Phase A of 
the NAS. As with Package No. 1, equipments in Package No. 2 also vary 
widely from one installation to another; therefore, only equipments likely 
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to (1) significantly influence traffic delays and (2) be common to a ma- 
jority of the installations are considered. Equipments in this package, 
then, are : 

(1) An ASR-7 Radar System 

(2) Equipment identified in Phase A of the NAS plan. 

(3) A standard FAA ILS 
6. 3. 2. 5 De scription 

The ASR-7 Radar System has the same basic components and redundant 
operational features as does the ASR-4 System described in Section 6. 3. 2. 2. 

All circuitry uses solid state devices and construciton concepts are almost 
completely modular. The operational range of the ASR-7 is approximately 
90 nautical miles and 50,000 feet altitude. Aircraft range and azimuth 
are indicated on 16 inch cathode ray tube PPI displays. Frequency range 
and peak power capabilities are essentially identical to the ASR-4 systems. 

Equipments comprising Phase A of the NAS plan are a Common Digitizer 
(CD), a digital data communications (DACOM) receiver and transmitter, a data 
receiver group (DRG), a central computer complex (CCC), a computer display 
channel (CDC), computer update equipment (CUE), appropriate displays, and 
a system maintenance monitor consol (SMMC). The broad objective that install- 
ation of these equipments will satisfy are: 

(1) Automatic transfer, processing and updating of flight information, 

(2) Automatic establishment and maintenance of radar identification, 
of aircraft 

(3) Automatic display of altitude and flight level information 
with aircraft position. 

(4) Provide a computer processing capability to serve as the basis 
for future addtion of automatic improvements to ATC . 
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The CD equipments take raw radar and beacon data and convert it to 
digital messages to be transmitted to an ATC center. These messages are 
then transmitted over telephone lines by the DACOM equipments. The DRG 
receives the CD message from DACOM equipments, provides message synchroni- 
zation and decodes the message labels for routing the messages to the 
desired control centers. The CCC receives the incoming messages and (1) 
prepares for distribution of flight plans, and (2) updates radar informa- 
tion on display equipments. Data from the CCC and requests for review by 
the controller is displayed on the CDC equipments. A command link between 
the computer and controllers is provided by the CUE to assure that the de- 
sired flight data is processed. The status operational mode and configur- 
ation is usually displayed by means of monitors provided as a part of the 
SMMC equipments. All of these equipments function together to provide a 
high degree of automatic data handling and processing primarily for enroute 
ATC. 

6. 3. 2. 6 Performance Parameters 

The following represent the major performance parameters for the 
ASR-7 Radar System: 

(1) Range Accuracy - Targets are shown within 2 percent, or 
0.05 inches on the display whichever is greater, of their 
true range provided they are at a range in excess of 10 
percent of the sweep range in use. 

(2) Aximuth Accuracy - The maximum angular error in the 
position of targets is 1 degree. 

(3) Range Resolution - The system distinguishes between two 
different targets in the same class separated by a distance 
of 821 feet. 
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(4) Azimuth Resolution - Targets of the same class, equidistant from 

the antenna, and separated by approximately 1.5 degrees are indicated 
as separate targets provided they are at a range in excess of 10 
percent of the sweep range in use. 

(5) Maximum Range - Targets 80 nautical miles from the antenna and 
5 square meters in size have been detected. 

Performance parameters of the equipments to be implemented during 
Phase A of the NAS plan are not directly relatable to the system level 
performance parameters; consequently, they will not be delineated here. 

This does not imply that these equipments do not improve ATC . Instead, 
the improvement is somewhat intangible in-so-far as the relationship to the 
system level performance parameters established in Section 6,3.3, 

The ILS performance parameters are identical to those listed in Section 
6. 3. 2. 3 since the same ILS is used in this equipment package. 

6.3.2. 7 Equipment Package No. 3 

Equipments in this package include those in Phase A of the NAS plan, 
the ASR-7 Radar System, plus some equipments virtually certain for future 
installation. These additional equipments are ones which are capable of 
significantly affecting traffic delays. The following specific equipments 
are contained in this package: 

(1) An ASR-7 Radar System 

(2) Equipments included in Phase A installations of the NAS plan 

(3) An improved ILS system 

6. 3. 2. 8 Description 

A brief description of the ASR-7 Radar System and the NAS plan Phase 
A equipments was provided in Section 6. 3. 2. 5. 
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6. 3. 2. 9 Perfo rmance Parameters 


Performance parameters for the ASR-7 Radar System and the Phase A 
equipments in the NAS plan were presented in Section 6. 3. 2. 6. 

The major performance characteristics for the improved ILS are: 

(1) Glide Slope Approach Path - Approach paths for curved and/or 
dogleg approaches both in the vertical and lateral directions 
are provided. 

(2) Aircraft Position Indicator - A precise determination of aircraft 
position is indicated within a + 40 degree lateral beam from the 
runway centerline and a 15 degree vertical beam above the hori- 
zontal . 

6.3.3 System Level Performance Parameters (Time Separation Parameters ) 

In order to evaluate the effectiveness of various ground equipment 
configurations, it was necessary to specify pertinent performance parameters 
which can be independently or collectively varied in a computer model of 
the ATC system. These parameters must be ultimately related to traffic delay 
since this was the ultimate criteria established for effectiveness of the 
ATC system. In establishing these parameters* a single runway IFR conditions 
and a single approach and departure route were assumed. 

Five basic performance parameters were identified as necessary for 
the computer model inputs. These parameters were defined as: 

(1) Parameter T - Departure Followed By Departure Time. This is 

the average time interval between clearance to takeoff or start 
roll for two successive aircraft on the same runway. For air- 
craft of the same general class published data indicates that 
the average value of T is approximately 90 seconds. 
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(2) Parameter F - Deaprture Followed by Arrival Time. This is the 
average time interval required to release and clear a departing 
aircraft in front of an arriving aircraft. Wide variations in 
the average value of F result because of its being a function 
of aircraft class. Published data indicates that a value of 
approximately 65 seconds is reasonable for aircraft of the same 
class. The minimum 3 mile spacing imposed by current regulations 
is basic to the establishment of 65 seconds as a vAlue for F. 

(3) Parameter R - Runway Occupancy for Arrivals. This parameter has 

a dual definition as follows: (a) the average time interval 

between "over threshold" and "off runway" for the first aircraft, 
and (b) the average time interval between arrival and departure 
of two aircraft in terms of "over threshold" and "off runway" of 
the arriving aircraft. Establishment of an average value for R 
was particularly difficult because of its variations as a function 
of sfi^craft class, landing rate, runway turnoffs, altitude, weather 
conditions, etc. However, published data normally establishes 

R as approximately 52 seconds. 

C-Commitment Interval for Arrivals. This parameter represents 
the average time interval between the commitment to land and 
"over threshold" of an arriving aircraft. Published data indi- 
cated that C is approximately 28 seconds for large aircraft and 
12 seconds for very small aircraft. Factors such as reaction 
time, arrival population, etc., influence C. 

C-5) A - Minimum Time Interval Between Consecutive Arrivals. The 
factor that results when R and C are added to observed inter- 
arrival time gaps represents the parameter A. These time gaps 
are commonly inserted by the pilot/controller to provide a buffer 
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or safety margin to offset any misjudgements that may have occurred. 
The parameter value varies significantly as a function of both 
aircraft mix and landing speeds, but an average time interval of 
168 seconds is consistent with published data. 

6. 3. 3.1 Performance Improvements 

6. 3. 3. 1.1 Parameter C 

The IFR conditions initially assumed require that a pilot be assured 
of a landing somewhat earlier in the approach than would have been necessary 
under VFR conditions. Also under VFR conditions, the pilot can quite 
accurately decide for himself whether or not he is in a position to continue 
his landing procedure or to go around. IFR conditions, however, pose a 
substantially different problem since the poor visibility and weather 
demand that the pilot fly by his instruments. As a consequence of the 
IFR conditions, the major burden of establishing a commitment- to -land- - 
and thereby the time interval C -- falls on the controller. To establish 
C with a reasonable trade off between safety and number of landings per 
time interval, the controller is heavily dependent on the ground equipment 
at his command. Obviously, the more capability the ground equipment pos- 
esses, the smaller the value of C can be. 

The pertinent improvements of Equipment Package No. 2 over Package 
No. 1 were as follows: 


(1) 

range accuracy - 

0% 

(2) 

azimuth accuracy 

- 95% 

(3) 

range resolution 

- 58.4% 

(4) 

azimuth resolution - 46% 

(5) 

glide slope path 

- 0% 

(6) 

aircraft lateral 

position -0% 
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(7) aircraft vertical position - 0% 

(8) range 387o 

An additional consideration was the fact that the NAS plan Phase A equip- 
ments should improve the ability to group arriving aircraft according to 
speed and class categories as well as landing velocity profiles. When 
all of these factors were collectively considered, it was judged that the 
parameter C would be reduced by 13% when Equipment Package No. 2 was im- 
plemented instead of Package No . 1 . No additional improvement was evident 
when Package No. 3 was considered relative to Package No. 2. 

6. 3. 3. 1.2 Parameters T and F 

The factors influencing the parameters T and F were essentially the 
same, and consequently, the two parameters were considered simultaneously. 

IFR conditions demand that aircraft spacing be rather rigidly enforced, 
sometimes quite a long way from the runway. The current FAA regualion 
requires a minimum spacing of 3 miles between successively arriving aircraft. 
This limit is thought to be based primarily on the ability of present radars 
to **touch*' the skin of an aircraft. Both T and F are significantly inf- 
luenced by arrival /departure populations and routes. Additionally, the 
ability to accurately and safely maintain precision approach paths becomes 
a primary consideration in the parameter T. A definite relationship between 
T and F -- and C as well-- exists as a function of the controller. He has 
the primary responsibility of deciding how far an arriving aircraft can be 
from touchdown and aircraft departures still be permitted. A 2 mile distance 
from touchdown is typical, and is obviously related to the commitment-to- 
land point, and thereby to C. The controller's ability to safely and eff- 
iciently make this determination is strongly influenced by ground equip- 
ment capability. 
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Based on the precent improvements of Equipment Package No. 2 over 
Package No. 1 as given in Section 6. 3. 3. 1.1 was judged that T could be 
reduced by 55% and F reduced by 11%. Equipment Package No. 3 offers the 
following improvements over Package No. 2: Glide slope path - 100%, air- 

craft lateral position - 90% and aircraft vertical position - 100%. Based 
on these capabilities, the parameter F could be reduced by an additional 
267o when Package No. 3 is used instead of Package No. 2. 

6. 3. 3. 1.3 Parameter R 

There is very little overall benefit uo be realized from any config- 
uration of ATC equipment that improves F, R, and C but is not capable of 
enchancing the runway movement of arriving aircraft. Yet, of all the literature 
surveyed, it appears that the research being currently funded generally 
ignores this important area. Published data specifically identifies this 
factor as being the major reason that when time intervals under all types of 
conditions are averaged, it takes 78 seconds to handle one aircraft operation. 
Additionally, this 78 seconds provides a limit of 46 operations per hour on 
a single runway. The time period of this course did not permit conception 
and evaluation of new equipment of even an evolutionary nature; however, the 
following broad ideas were explored but not in suffiecient depth to develop 
performance parameters: 

_1 A ground radar system with sufficient anti-clutter capability 
to make tracking and directing of aircraft possible on the 
runway . 

^ The use of television cameras mounted on the nose wheel and 
with displays in the cockpit. 

3 Runway configuration with essentially a continuous high speed 

turnoff such that the pilot could clear the runway just as soon 
as his aircraft speed would permit a gradual turn. 
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4 Electronic sensing devices mounted in the runway with suitable 
display of aircraft jx)sition ot the controller who would "map** 
out the rapid runway departure to be used by an arriving aircraft. 
Since more of these possibilities were fully explored, it was assumed that 
R could be reduced by 10% for Equipment 2 and 3. 

6. 3. 3. 1.4 Parameter A 

As indicated in (5) of Section 6.3.3, the parameter A varies directly 
with runway occupancy (R) and committment to land (C) time intervals. The 
values for these two intervals have been estimated in (3) and (4) of Section 
6.3.3 as 52 and 28 seconds, respectively. Since the estimated value of 
parameter A was 168 seconds, the **buffer** or **safety margin** gap becomes 
168-(52 + 28) or 88 seconds. It was this 88 second time interval to which 
improvement attention was directed. 

Observations made at terminals such as Chicago *s 0*hare reveal that 
the average distance between large aircraft during the arrival phase is 
at least six miles. This separation and its corresponding time interval are 
twice the three mile limit imposed by the FAA. This is almost certain to 
exist until arrivals per hour exceed approximately 25. The excess three 
mile separation or **gap** is attributable to factors such as a pilot/cont- 
roller confidence factor, pressure on pilot /controlle r as arrival rates 
increase, departures that must be sandwiched between arrivals, aircraft 
mix and class, any stacking or orbiting that has taken place, etc. Several 
of these factors are directly influenced by ground equipment capabilities. 
When the capabilities of Equipment Package No. 2 were compared to those of 
Package No. 1, it was determined that the 58.4% improvement in range res- 
olution would permit the 88 seconds to be reduced to 66 seconds. An add- 
itional second reduction was possible in view of the improved capabilities 
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of Equipment Package No. 3 relative to Package No. 2 Thus, the 88 second 
time interval realized a total reduction of 26 seconds and the parameter 
A changed correspondingly. 

6. 3. 3. 2 Parameter Summary 

The following table summaries the time separation parameters for the 
three equipment packages considered. 


TABLE 6.1 


i 

Equipment Packages 

Parameter 

1 

2 

3 

c 

28 sec. 

24.4 sec. 

24.4 sec. 

T 

90 sec. 

40.5 sec. 

40.5 sec. 

F 

65 sec. 

57.8 sec. 

42.8 sec. 

R 

52 sec. 

46.6 sec. 

46.6 sec. 

A 

168 sec. 

148 sec. 

142 sec. 
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6.4 Controls Model 


6.4.1 Introduction 

The controls model presented here was the digital computer program 
used in conjunction with the other computer programs written by the other 
groups in the class to evaluate the cost and effectiveness of the air trans- 
portation system. There were five basic parts of the controls computer 
programs. The largest part of the program was devoted to determining the 
average air and gound delay experienced by aircraft entering or leaving 
the terminal area. Another part of the program determined the number of 
runways needed based on the delays calculated. After the number of runways 
were determined the land area required for the runwasy was determined 
the average taxi times were caluclated. The last part of the program 
determined the cost of the control system. Each of the five major components 
of the controls model will be explained in the following sections. A 
simplified block diagram showing operation of the complete control model is 
shown in Section 6.4.8. 

6.4.2 Average Air and Ground Delay 

The purpose of this portion of the model was to determine delay 
in the terminal area given a particular mix of aircraft and the total 
average operations per hour. An additional requirement was that the model 
be capable of analyzing certain critical parameters (A, R, C, T, & F) . In 
order to accomplish this within the time constraints of the project a 
simple and easily programmable model was required. After an exhaustive 
search, it was decided that a model developed by the Airbore Instruments 
Laboratory (AIL) would be used. In order to use the selected model, numerous 
charts and graphs had to be programmed. Once this was accomplished, the delay 
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could easily be calculated. (For the delay submodel formulas, flow diagrams 
and computer printout see Appendix 6-A) . 

The model served well as a tool to determine delay in the present 
ATC system. However, the critical parameters can only be changed on a per- 
centage basis which caused difficulty in assessing the merits of the various 
equipment packages. Using the percentage change approach, the model was 
quite satisfactory for analyzing the effect of individually reducing each 
critical parameter. 

6.4. 2.1 Model Operation 

The computational process of this portion of the model was quite 
straightforward. Model inputs include number and placement of highspeed 
turnoffs, runway lengths, runway altitude, percentage mix, and total 
operations per hour (assume number of landings = number of takeoffs). 

The model outputs were air and ground delay in seconds. The basic portion 
of the program was a stored listing of the critical parameters. The value 
of each parameter varies according to the number of operations per hour. 

The program determined the average value for each parameter using probability 
theory and averaging techniques based on the aircraft mix. Once the final 
value for each parameter ahd been determined the delay was easily calculated 
using a series of delay formulas. 

In order to determine the parameter sensitivity, each parameter (A, 

C, T, F, 6c R) was varied individually on a percentage basis (i.e. reduced 
from 100% of full value to 5% of full value). A plot of delay versus 
percent reduction reveals an indication of the relative sensitivity of 
each parameter. 

In addition, it was required that the model possess a capability of 
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calculating delay for each of three different ATC equipment packages. 
The only feasible way of accomplishing this was to introduce a percent 
reduction in each parameter on a judgement basis after analyzing the 
effectiveness of each equipment package. This was not an ideal method. 
However, it does give an indication as to the merits of each package. 

In general, it was felt that the model was quite effective for det- 
ermining delay of the present day system and future systems if the 
critical parameters can be reduced on a percentage basis. 

6. 4. 2. 2 Capabilities & Limitations 

The model was capable of computing air and ground delay as the num- 
ber of operations per hour was varied, computing air and ground delay 
as each critical parameter was varied, and computing air and ground 
delay for each of three different packages. 

There are a number of limitations to the model in its present state. 
However, with some changes most of the limitations can be eliminated. 

The limitations of the programs are listed below: 

(1) Runway altitude was fixed. 

(2) Runway length was fixed. 

(3) Number & placement of high speed turnoffs was fixed. 

(4) Handles only IFR conditions. 

(5) Runway was fixed as a single runway with only one IFR 
departure corridor . 
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The limitations above can be eliminated with additional programming 
of charts and tables for each different type of runway configuration and 
weather conditions (IFR, VFR) expected. These limitations were not con- 
sidered critical to the effectiveness of the model due to the fact that 
the comparison of parameter sensitivity was relative. The limitation 
does, however, the overall analysis due to the fact that only one 

runway configuration was considered. Given the time, a more sophisticated 
program could be generated which could consider a variety of runway 
con sidererat ions. 

6. 4. 2. 3 Suggested Improvements . 

In order to more fully investigate the total air traffic control 
system to include various landing takeoff patterns , runway configurations, 
holding patterns, separation reduction, etc. a more general model must be 
developed. One such model could be generated using a general purpose 
computer language (GPSS). A model of this type could be used to analyze 
equipment improvements in a much more efficient manner. The only difficulty 
with a model of this type is the fact that it is difficult if not impossible 
to fast time simulate pilot & controller actions and reactions. This 
problem was alleviated using the AIL model because the parameters were 
actually measured at airports and the human reactions were incorporated 
in the parameters themselves. 

6.4.3 Number of Runways 

For each of the eleven cities in the system the number of operations 
per hour were supplied as input data by the routes model. The operations 
per hour as used here consider an operation as a takeoff or landing and 
also assume that the number of takeoffs were equal to the number of landings 
for any one city. Also, the operations per hour were the average number 
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of operations determined by assuming a completely flat arrival rate for 24 
hours a day, seven days a week, and 365 days a year. For each city the 
fraction of the total operation per hour occupied by each type of aircraft 
was supplied. The number and type of airports at each city were also 
furnished as input data. It was prearranged that six cases would be con- 
sidered. These six cases were outlined in part (A) of Section 6.2.1. 

In order to determine the number of runways it was necessary to est- 
ablish the maximum delay that would be allowed. This maximum delay was 
left as a variable such that the effect of its value on the effectiveness 
of the overall system could be evaluated. 

To actually calculate the number of runways necessary, one runway was 
first assumed. If either the average ground delay or the average air delay 
exceeded the maximum allowable delay another runway was added. Additional 
runways would be added until an acceptable delay was reached. 

When more than one airport in a city was available the following 
criteria was used to determine how the operation for a city would be divided 
among the airports. If only a CTOL airport was available all CTOL and STOL 
aircraft would be landed on the CTOL runways. If both CTOL and STOL runways 
were considered all STOL aircraft went to STOL runways and all CTOL aircraft 
went to CTOL runways. If more than one airport had STOL runways then the STOL 
arrivals were divided equally among the STOL runways, and the same was done 
for CTOL. 

6.4.4 Runway Area 

Since all the runways were assumed to be parallel, the calculations 
for the runway areas were simplified. It was assumed that the width of 
both STOL and CTOL runways was 150 ft. and the length of the CTOL runway 
was 10,000 ft. The lenght of the STOL runways was determined by the air- 
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craft group and was read as input data to this program. Both CTOL and 
STOL runways were assumed to be separated by 5000 ft. Then it was assumed 
that all runways could be contained in a rectangle and 1000 ft. added to 
each end of the runway rectangle. Also if more than one runway was considered 
the excess area between the runways was calculated. The excess area re- 
presented land between runways that could be used for the terminal building 
or parking. The excess area was considered to begin 1000 ft. from any 
runway. The 1000 ft. was assumed to be sufficiently large to account for 
taxi ways that would accompany each runway and would, of course, not be 
available for the terminal building or parking. 

6.4.5 Area Taxi Time 

The average taxi time was calculated in a simplified manner. Since 
it is difficult to determine exactly where to place the terminal building 
for any particular city because the land availability of that city, the 
terminal building was assumed to be located at the centroid of the run- 
ways. Figure 6.11 will help to illustrate how the centroid was calculated. 


Y 



ASSUMED TERMINAL BUILDING LOCATION 
Figure 6.11 
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This figure represents one CTOL and one STOL runway. Both runways 
were assumed to be symmetric about the x axis. The sum of the moment 
about the y axis was then calculated. A moment was considered to be the 
distance the runway was from the y axis times the length of the runway. 
The sum of the moment was then divided by the combined length of all the 
runways. The resulting number was the distance the centroid was located 
from the y axis. Because of symmetry, the x coordinate of the centroid 
always lies on the x axis. The taxi distance was then assumed to be a 
straight line between the centroid and the end of the runway. Assuming 
the taxi speed to be 25 mph, the taxi time could be estimated. 

6.4.6 Air Traffic Control System Cost Mode l 

The purpose of the ATC cost model was to determine the 1985-pro jected 
costs of the ATC system. These costs include the essential equipment, 
maintenance expenses, and salary expenses for three differnet package 
systems. Each package can be divided into 3 parts: airborne equipment, 

terminal equipment, and enroute equipment. In determining the cost the 
following assumptions were made: 

(1) Eleven cities are involved. 

(2) Two air route traffic control centers are involved. 

(3) Two radar sites for each center exists. 

(4) One radar site for each airport exists. 

(5) Thirty five VOR/DME stations for each center exist. 

(6) Salaries and maintenance expenses will rise 3% a year. 

(7) The system will be operational in 1975. 

(8) Terminals with 50,000 or more yearly operations are considered 
high activity terminals. 
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(9) Terminals with less than 50,000 yearly operations are 
considered medium activity terminals. 

(10) The cost of individual pieces of equipment is an average 
cost; at each location the cost may vary. 

The purpose of this model was to allow a rough comparison of the costs 
of each ATC system package being considered. (A flow diagram and computer 
printout of the cost model are shown in Appendix 6-B). 

6.4.7 The Cost of Equipment Packages 

To determine cost for the ATC system, three system packages are con- 
sidered. Package 1 is the present (1969) system, the components of 
Package 1 are: 

ASR-4 (Radar) 

ILS Ground Equipment 
VOR/DME Stations 
VOR/IWE Receivers 
Altimeters 

ILS Onboard Equipment 
Transponder. 

Package 2 contains NAS Stage A modifications, transponders with identifi- 
cation coding, ILS, and improved radar. Thus Package 2, includes: 

NAS-A 
SR- 7 

ILS Ground Equipment 
Coder Transponders 
VOR/EME Stations 
Altimeters 

ILS Aircraft Equipment 
V0R/»1E Receivers 
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Package 3 adds Area Navigation (R-NAU) capability and the proposed advanced 
ILS. This package includes: 


Area Navigation Equipment 
PVOR/DME 

AILS (Advanced) Ground Equipment 

Coder Transponder 

ASR-7 

NAS-A 

AILS (Advanced) Air Equipment 
VOR/DME 

The following table contains the airborne and enroute costs of each 


package. 

TABLE 6.2 

* Millions of 

Dollars 

Package 

Number 

"k 

Airborne Costs 
(Per Aircraft) 

k 

Enroute Costs 
(Total System) 





VOR/DME 

.002 

VOR/DME 

10.500 


Altimeter 

.001 

ASR-4 Radar 

2.720 

n 

ILS 

.010 

Center Facilities 

2.820 


Transponder 

.002 


16.040 



.015 

Operating Cost/Yr. 

1.395 


VOR/DME 

.002 

VOR/DME Station 

10.500 


Altimeter 

.001 

ASR-7 Radar 

4.400 

n 

ILS 

.010 

NAS-A 

7.478 


Coder Transponder 

.008 


22.378 



.026 

Operating Cost/Yr. 

1.795 


PVOR/DME 

.003 

VOR/DME Station 

10.500 


Altimeter 

.001 

ASR-7 Radar 

4.400 

in 

AILS 

.015 

NAS-A 

7.478 


R-NAV 

.050 


22.378 


Coder Transponder 

.008 





.088 

Operating Cost/Yr. 

1.795 


144 


The following table contains the terminal costs of each package. 


* 

Terminal Costs 
(Per Airport) 


Package 

Number 

High Activity 

Medium Activity 


Radar Tower 

1.410 

Radar Tower 

1.108 


#1 

ASR-4 

.680 

ASR-4 

.680 



ILS 

.468 

ILS 

.468 




2.558 


2.256 



Operating Cost/Yr. .641 

Operating Cost/Yr. , 

.559 


Radar Tower 

1.410 

Radar Tower 

1.108 


#2 

ASR-7 

1.100 

ASR-7 

1.100 



AILS 

.500 

AILS 

.500 




3.010 


2.708 



Operating Cost/Yr. .661 

Operating Cost/Yr. . 

579 


Radar Tower 

1.410 

Radar Tower 

1.108 


#3 

ASR-7 

1.100 

ASR-7 

1.100 


Hermes 

.500 

Hermes 

.500 




3.010 


2.708 



Operating Cost/Yr. .666 

Operating Cost/Yr. . 

584 


* Millions of Dollars 


Table 6.3 
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6,4.8 The Controls ^k)del 


A simplified flow diagram of the controls imdel computer program is 
shown in Figure 6.12, A detailed flow diagram of the delay submodel as 
well as an actual computer printout are shown in Appendix 6-A. The cost 
submodel flow diagram and computer printout are shown in Appendix 6-B. 

6 .5 Results and Conclusions 
6.5.1 Results 

The applications of the delay model for each equipment package are 
illustrated in Figures 6.15-6.18. The aircraft mixes considered were as 
follows (format is CLASS 1 /CLASS 2/CLASS 3/CLASS 4/CLASS 5/ where class- 
ification of aircraft in Section 6.2.2): 

( 1 ) 0 . 0 / 0 . 0 / 0 . 0 / 1 . 0 / 0.0 
( 2 ) 0 . 6 / 0 . 0 / 0 . 2 / 0 . 2 / 0.0 

(3) 0.2/0. 0/0. 6/0. 2/0.0 

(4) 0.1/0.45/0.12/0.13/0.2 

Note: STOL aircraft were considered CLASS 4 aircraft. 

Each time separation parameter (T, F, R, C and A) was subjected to 
a sensitivity study. This was done with an assumed mix of 0.1/0.45/0.12/ 
0.13/0.2 and considering equipment package 1, The purpose of this sensitivity 
study was to reveal those time separation parameters that were the most 
^-^^itical. Once the critical parameters are identified equipment and/or 
facilities might easily be substituted into the air traffic control system 
to reduce the delay times. The results of this sensitivity study are ill- 
ustrated by Figures 6.13 and 6.14. 

6.5.2 Conclusions 

The following conclusions were determined from the graphs of Figures 
6.13-6.18. 
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( 1 ) 


The use of equipment packages 2 and 3 in the delay model results 
in a substantial redaction in ground delay of up to 86%, And 
reductions in air delay of up to 80%. 

(2) The STOL aircraft, as expected, performed much more satisfactorily 
where it operated at a 100% STOL airport. 

(3) The introduction of a runway or runways for general aviation 
use only may be expected to reduce delay for commercial aviation 
if general aviation aircraft are restricted to the use of only 
the general aviation runways. This reduction in delay results 
from elimination of slower aircraft in the queue waiting to land 
or take-off. 

The sensitivity study of the five time separation parameters (T, F, 

R, C and A) revealed that A was the most sensitive separation parameter. 

Thus the greatest delay reduction may result from an improved Arrival- 
Arrival separation criteria. Additionally, this parameter might provide 
the most economically feasible method of reducing delay. 

There are several important options which must be considered in con- 
junction with this study. These affect safety and the capability for 
continuous smooth operation (no surges) of an air traffic control system. 

(1) The introduction of an advanced ILS system will contribute to 
an increased safety level. Further, the enhanced weather cap- 
ability will contribute to reducing "surges” in the system. 

(2) The development of related equipment will contribute to reducing 
"surges" Related equipments are such items as aircraft window 
defrosters, runway heating systems, advanced aircraft braking 
capability and fog dispersal devices. 
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(3) Collision avoidance equipment can not presently be economically 
developed (See Appendix E). 
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CHAPTER 7 


COST-EFFECTIVENESS ANALYSIS 

7 .1 Introduction 

A cost-effectiveness analysis is the fundamental building block for 
any systems engineering project. Simply stated, this analysis is respon- 
sible for examining each alternative system to establish the extent to 
which that system accomplishes the desired objectives and to estimate the 
requirements for men, material and equipment necessary to make that alter- 
native a working reality. A statement of system objectives and a means of 
measuring these objectives are necessary before any effectiveness analysis 
can be done on the alternative systems. Requirements for men, materials 
and equipment can be summarized as a total cost for each alternative. 
Individual requirement break downs need only be considered when limitations 
are imposed on a specific resource. 

7 .2 Measure of Effectiveness 

The function of any air transportation system is to supplement the 
national transportation system by providing adequate air transportation 
between all of the major cities of the continental United States. Two key 
words are drawn from this functional statement in order to define effect- 
iveness - adequate and major cities. "Major cities" implies a large 
grouping of people who want to travel. The existence of this demand is 
fundamental to the approach taken here. "Adequate" implies a degree of 
acceptance. People who want to travel will select a mode based on the 
adequacy of available modes (here they take in account various factors 
like travel time, cost, mode frequency, service, ride comfort, and safety). 
If effective transportation modes are not available, expectations may be 
reduced for some types of trips while others will simply not be taken. 
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The approach used in this study is iterative in that forecasted 
travel demand is based on population, location, etc. and then each alter- 
native system is forced to meet that demand. The level of service for 
each alternative is then evaluated for its effect on passengers. The 
more effective a system, the larger will be its share of the total de- 
mand. Total Revenue Passenger Miles (TRPM) was chosen as the measure- 
of-effectiveness for the air transportation system. A TRPM is simply 
one passenger flying one mile between his origin and destination. The 
distance used to calculate TRPM is the direct distance between origin 
and destination and not the actual distance flown. The revenue pass- 
enger miles for each route is calculated and then individual routes are 
summed to obtain the systems TRPM. 

Certain characteristics of air transportation were felt to have 
a greater influence on air travel than other characteristics. It was 
the objective of the effectiveness model to account for these influences 
in air travel. Travel time, fare and frequency of service were considered 
of prime importance. 

7.2.1 Travel Time and Fare 

The forecast demand of air passenger traffic (See Chapter 3) does 
not take into account any additional traffic generated by airplanes and 
transportation modes from/ to the airport with fares and travel times 
significantly lower or higher than the expected fare or travel time. 

The total travel time is the time between leaving the actual depart- 
ure point and the arrival at the actual destination (door-to-door time). 

The fare is defined as the total cost for a trip and includes, in addition 
to the ticket cost, the cost of traveling to the departure terminal and 
the cost of traveling from the destination terminal to the actual end point 
of the journey. 
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FRACTION OF PA88EN0ERS 


EFFECT OF TIME AND FARE 



C08T PER HOUR 8AVED DOLLAR8 Aflo INCOME IN 
DOLLAR8 PER HOUR 


Figure 7.1 

7.2.2 Flight Frequency 

The frequency of service can have a tremendous influence on air 
travel. The frequency allocation function is used to generate revenue 
passenger miles at a specific flight frequency from the potential demand 
which is at an infinite frequency (See Appendix 7-A) . This function is 
based on the normal probability function and takes into account the vari- 
ations in competitive transportation trip times. Due to the complexity 
of the actual scheduling of the flights, it is not considered. It is 
assumed that the airlines will schedule flights according to the demand 
fluctuations. 
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Figure 7.2 

Other Effectiveness Parameters 

Other effectiveness parameters such as ride comfort, noise and 
safety are discussed in Appendix 7-A. However, due to the time limit- 
ations of the course no projection of these parameters could be made. 
Therefore they are omitted in the effectiveness function. 

7 . 3 System Cost ^ 

The purpose of the cost analysis is the systematic determination 
of the economic impact of the alternative propo’sals. Particularly the 
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economic cost refers to the use of resourses - manpower, raw materials, 
and the like, necessary to design the system, build it and then operate 
it for a period of time. Cost analysis is not an end in itself, but 
serves rather as an input to the general cost-effectiveness analysis. 

A typical idealized life cycle of a system is divided into three 
phases as shown in Figure 7.3. An identical breakdown was utilized for 
this study. Research and development costs were the investment costs. 
The operationing costs were estimated over a ten year period from 1975 
to 1985. The total system cost was then calculated as a compound amount 
in 1985. Each group - aircraft, terminal and controls - was responsible 

for the necessary calculations for their equipment and the equations can 
be found in their respective models. 


SYSTEM LIFE CYCLE 



TIME 


Figure 7.3 
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7.4 Cost-Effective Analysis 

The objective of the cost-effective analysis is to show the relat- 
ionship between the costs and effectiveness for various alternative solu- 
tions. Simply stating these relationships however does not show the 
optimum or best solution. Usually, either a required effectiveness must 
be specified and then the cost minimized or that effectiveness, or a 
required cost must be specified and the effectiveness maximized. 

On the other hand, both required cost and effectiveness should 
not be specified. Thia over specification can result in asking for alter- 
natives that are either unobtainable (Point A in Figure 7.4) or under- 
designed (Point B in the same Figure). An extreme case of over speci- 
fication is the requirement of maximum effectiveness for the least 
possible cost. Clearly these requirements are contradictory and can 
not be met at the same time. 



COST 


Figure 7.4 
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The method of obtaining effectiveness used in this study tends 
to make most systems have approximately the same level of effectiveness, 
and the study could therefore be judged as a fixed effectiveness model. 
Further results are explained in the next chapter. 
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CHAPTER 8 


ANALYSIS OF RESULTS AND CONCLUSIONS 

8.1 Introduction 

Due to the limited time of study, only one computer run involving 
189 alternative solutions was made. In this run four variables were in- 
vestigated. They were: 

1. Aircraft Design Range (STOL) 

2. Aircraft Cruise Speed (STOL) 

3. Aircraft Passenger Capacity (STOL) 

4. Air Traffic Control Package 

In the simulation ,values were assigned to the above variables as 
input data, resulting in 189 alternative solutions. For each alternative 
solution, the demand, route structure, aircraft mix, delay, revenue, costs 
and effectiveness were determined by the models. Also terminals were 
designed for each city based on the traffic density and type of aircraft 
utilized at a given city. For each case the system was "operated” for 
a ten year period. Finally the most cost effective alternative was chosen 
for "implementation". 

Two dependent variables, the total system cost and the system 
effectiveness were instrumental in making the final design decision. Let 
us define them carefully here. 

Total System Cost is the sum of the direct operating costs and 
capital recovery for the aircraft, air traffic control system, and 
tanninals for the 1975-1985 period, expanded at six percent interest to 
thB compound amount in 1985. Included are developmental and design costs 
for new technology and the cost of passengers’ time. 
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System Effectiveness was measured by the total number of passenger 


miles flown per day. 

8.2 Data Acquisition 

As an aid in plotting the required data, the "computer team" used 
a standardized form to record the input and output for each alternative. 
Only that output which would be used to form the final decision was re- 
corded on these forms. Figure 8.1 shows the format used and the data 
which was recorded. 


DATA RECORDING SHEET 



Case 

h- 

Stol No. 

0- 

Control Package 

2 

Design Range 


Cruise Speed 


Passenger Capacity 


Effectiveness 

1- 

Revenue 

o. 

Cost for Aircraft 


Cost for Controls 

O 

Cost for Terminals 


Total Costs 


Figure 8.1 
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From 189 such data sheets, plots of system cost and effectiveness 
versus design range, cruise speed, passenger capacity, and air traffic 
control package were made. 

As an example Figure 8.2 is a plot of Total System Cost versus 
passenger capacity for various range aircraft, the air traffic control 
package and cruise speed being held fixed. In other plots the cruise speed 
was allowed to vary with some other parameter fixed. 

Approximately fifty such plots were used to graphically record the 
data accumulated. 

8.3 Analysis of Data 
8.3.1 Analysis 

Analysis here of the entire data set is prohibited by the large 
number of graphs required. Those graphs which were most instrumental in 
making the final decision will be given along with the reasoning involved. 

Figure 8.3 Indicates that the total system cost was lowest for the 
larger 120 passenger capacity aircraft. It was also most effective. 

Notice in the graph of system effectiveness versus STOL design 
range, for control package one and 120 passenger capacity (Figure 8.4) 
that the ordinate varies from 9 to 10 million passenger miles per day. 

The total variation in effectiveness is therefore only about five percent. 
Points A and B, representing 600 and 1000 mile design range aircraft 
respectively are almost equally effective. A plot of total system cost 
versus aircraft design range (Figure 8.5) indicated that the system in- 
corporating the 600 mile design range aircraft is at a cost roughly twice 
as much as the one incorporating the 1000 mile design range aircraft 
(point B). 
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Figure 8.3 
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Figure 8.4 
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TOTAL SYSTEM COST VERSUS AIRCRAFT DESIGN RANGE 

Figure 8.5 
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A plot of total system cost versus aircraft design range (Figure 
85) indicated that the system incorporating the 600 mile design range 
aircraft at a cost roughly twice as much as the one incorporating the 
1000 mile design range aircraft (point B) . 

Referring again to Figure 8.4, notice that the total variance in 
system effectiveness with aircraft design speed is only one and one half 
percent. Figure 8.6 indicates that the variance in total system cost with 
aircraft design speed is also minimal for the 1000 mile design range air- 
craft. 
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Figure 8.6 
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Aircraft 


CTOL- L-IOII 


STOL“Four Engine Turbo Prop — 25500 H.R 

Cruise Speed 400 M.RH. 


Range 

Capacity 

Length 

Span 

Gross Weight 


1000 Miles 
120 

98.5 ft. 

92 ft. 

105,000 lbs. 


THE MOST COST EFFECTIVE AIRCRAFT COMBINATION DETERMINED 


Figure 8.7 


Because of the small variation in system cost and effectiveness 
with aircraft cruise speed, the faster 400 mph CTOL aircraft was arbitrarily 
chosen for the system. 

All of the plots were originally made to the same scale on translucent 
graph paper so that by comparing various plots on a tracing table, it was 
determined that Package One, the present day Air Traffic Control System 
was no less effective than the other two considered and was less costly. 

8. 3.2 Results 

By the preceeding analysis the following system was determined to 
be the most cost effective. 

The aircraft combination (Figure 8.7) includes the Lockheed L-1011 
Jumbo Jet which represented the CTOL aircraft in the system simulation. 

The STOL is a four engine turboprop with a total of 25,500 H.P. It 
requires a 1000 ft runway, has a cruise speed of 400 mph and 1000 mile 
design range. 

The air traffic control system is the conventional instrument 
landing system. Terminals are designed for various cities as required 
by the aircraft mix. Some cities have only a CTOL port, others a STOL 
port, and some a CTOL port with an additional STOL runway. (Fig. 8.8) 

This fully describes the system. 

Terminals 


CTOL 



CTOL- 



Figure 8 . 8 
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8.3.3 A Closer Look at the Results 


Some of the Indicated results are rather unexpected. It is known, 
for instance, that the present air traffic control system is inadequate 
even today. It must be remembered that these results are based on a 
single computer run, in fact, the first run ever made with all the models 
functioning together. 

In the system using short range STOL aircraft the terminal costs 
greatly exceeded the aircraft costs, while aircraft costs were slightly 
greater than terminal costs where long range STOL were in the system. 
(Figures 8.9 and 8.10). 

This can be explained by looking at the effect of Demand on System 
Cost (Fig. 8.11) when the total number of operations is low, the fixed 
costs of the terminals are predominate. This effect was amplified when 
short range STOL were in the system, requiring many more of the expensive 
CTOL terminals than the long range STOL system requires. The effect was 
further exagerated by the fact that the CTOL model was written for the 
moderate to high demand of larger cities. Its fixed costs therefore in- 
clude a tower, hangers, fire fighting equipment and the like rather than 
the runway and wind sock required by a very low number of daily operations. 
The STOL port in contrast has a relatively low fixed cost. 

The air traffic control system design might also have changed 
had the demand been higher. The plot of delay versus number of operations 
given in Fig. 8.12 shows very little difference in delay for the three 
control packages when the number of operations is low. There is, however, 
a considerable difference in delay for the three packages when the 
number of operations is high. The air traffic control design would most 
likely have been different had congestion been generated. 
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RELATIVE COSTS FOR “POOR CASE" 





Figure 8.9 

RELATIVE COSTS FOR "BEST CASE" 
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MIX vs. DELAY 


DELAY VERSUS NUMBER OF OPERATIONS 
Figure 8.12 


Most of the questionable results can therefore be traced to low 
traffic density in the first simulation. 

8.3.4 Refinements 

Consideration of the difficulties encountered in the first run led 
to determination of several refinements which could have been made in 
the simulation had time permitted. Cfig* 8.13) 


REFINEMENTS 

■ ALLOW TRANSFERS 

■ IMPROVE ROUTE ASSIGNMENTS 

■ PROVIDE FOR INTERNATIONAL AND GENERAL 

AVIATION 

■ ANALYZE CURRENT SYSTEMS 

Figure 8.13 
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The first refinements to be made would be to allow passenger 
transfers and to assign aircraft to routes by cost-effective* analysis 
rather than by range. These changes would increase traffic and make 
the simulation more realistic. Provisions for international flights 
and general aviation in the models would also provide additional traffic 
for the system. Finally, the DC-9 flown as a STOL aircraft in the system 
compared well with the design STOL. It would be helpful to simulate a 
total CTOL system to provide a comparison for the STOL*S advantages and 
disadvantages . 

The design STOL is the largest, fastest, longest range STOL considered. 
It would be advisable therefore to run still larger, a faster, and longer 
range STOL in a second simulation in order to find the truly optimum 
system. 
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APPENDIX 1-A 


SEMINARS ON INTERURBAN TRANSPORTATION 


January 21, 1969 

Captain Thomas Oakes, Director of Flight Operations Capability 
Project, Eastern Air Lines 

"Short Range Air Transportation - Next Generation Vehicles and 
Control" 

January 23, 1969 

Professor William W. Seifert, Director, Project TRANSPORT, 
Massachusetts Institute of Technology 

"Systems Aspects of High Speed Ground Transportation" 

January 28, 1969 

Alan M. Voorhees, Alan M. Voorhees and Associates 
"Public Reaction to Transportation Improvements" 

February 6 , 1969 

C. W. Randall, Sales Staff Supervisor, Southern Bell Telephone 
"Can Communication Substitute for Transportation?" 

February 11, 1969 

Robert Gladstone, Robert Gladstone and Associates 
"Land Use Considerations in Urban Air Terminal Design" 

February 18, 1969 

Dr. Robert Simpson, Director of Flight Transportation Laboratory, 
Department of Aeronautics and Astronautics, Massachusetts 
Institute of Technology 

"V/STOL Aircraft as the Interurban Transportation Mode" 

February 20, 1969 

Dr. Morton I. Weinberg, Head of Transportation Systems Section, 
Cornell Aeronautical Laboratory, Inc. 

"Intercity Transportation Modes of the 1980 's" 
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James Grant^ CP, CE 
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Hartmut Haux ME 
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APPENDIX 3-A 


This appendix details the study of variation in travel demand and the 
methodology used in fo roasting that demand. Specific information pertinent 
to a more complete understanding of these subjects is presented here. As 
such, the relevant portions of Chapter 3 should be read in conjunction with 
the material presented here. 

3-A-I Variations in Demand 

It is obvious that air travel demand does not remain constant with time. 
Seasonal, daily, and hourly peaks are almost always experienced. The design 
of the terminal must be based on a knowledge of these peak periods so that 
a determination of design volume and load factors can be made. These varia- 
tions are discussed below. 

3-A-l.l Seasonal Peaks 

At this time, statistics for the calendar year 1967 are the most recent 
available. Figure 3-A-l, Seasonal Variation in Demand, plots per cent of 
total revenue passenger miles against the month of the year. The results 
are also tabulated on table 3-A-l. It is assumed here that the use of 
schedule timing does not affect the month in which the user flies. For 
shorter periods of analysis (days, hours) this assumption is questionable. 

As shown in Figure 3-A-l, the seasonal peak occurs during the summer 
months, where in the month of August, approximately 10.5 percent of the 
annual travel occurs. This peak reflects an increase in vacation travel 
during December, caused by the increased travel demand for the Christmas 
holidays. 

3-A-l. 2 D aily Peaks 

Data on weekly air carrier operations has been extremely difficult to 
obtain. Further investigation is necessary in this area. However, studies 
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TABLE 3-A-l 


Seasonal Variation in Demand 


Month 

R.P.M. (millions) 

% Total 

J 

5300 

7.6 

F 

4600 

6.6 

M 

5800 

8.3 

A 

5500 

7.8 

M 

5400 

7.7 

J 

6700 

9.6 

J 

6750 

9.6 

A 

7323 

10.5 

S 

5950 

8.5 

0 

5750 

8.2 

N 

4450 

6.4 

D 

Key; R.P.M. = 
Source; Civil 

6450 

69973 

Revenue Passenger Miles 

Aeronautics Board, Handbook of Airline Statistics 

9.2 
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previously undertaken show the demand for Friday and Monday to be higher 
than for the rest of the week, reflecting the dependence of weekly travel 
on the business trip. 

3 -A" 1.3 Hourly Peaks 

As in the automobile travel demand, air travel also experiences two 
daily peaks, one during the early morning and the other in late afternoon. 

This is shown in Figure 3-A-2, Hourly Variation in Demand. The hourly var- 
iation during the peak day does not show definite peaks as does the average 
day, but remains fairly constant throughout the day, except for the early 
morning. Again this points out the fact that peak hour passenger volumes 
are influenced a very great deal by non-business travel. 

3-A-1.4 Peak Day and Busy Hour as Related to Average Daily Traffic 

The ratio of the peak day and the average daily traffic is of great 
relevance in determining the design volume of the terminal and aircraft. 

Of equal importance is the ratio of busy hour to the average daily volumes. 

Both of these areas are investigated and discussed below. 

3-A-1.5 Ratio of Peak Day to Average Daily Traffic 

The peak day is that 24 hour period beginning at midnight in which the 
airport handles the highest traffic volume of the year. Average daily 
traffic is simply the annual volume divided by 365 days. Peak day departures 
as a per cent of average daily departure were plotted for major air centers 
for fiscal year 1967. The results are tabulated in Table 3-A-2 and plotted 
in Figure 3-A-3. 

The average value of the peak day departures as a per cent of average 
daily traffic was 169. In 1964, 1965 and 1966 these values were 163, 171 
and 178 respectively. Therefore, it cannot be said with any confidence at 
this point what the annual trend of the peak day/average daily traffic ratio is. 
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TABLE 3-A-2 


Center 

Chicago 

New York 

Cleveland 

Fort Worth 

Washington 

Huston 

Atlanta 

Los Angeles 

Oakland 

Indianapolis 

Boston 

Mimai 

Kansas City 

Jacksonville 

Memphis 

Seattle 

Albquerque 

Source: F.A. 


Peak Day Demand Related to Average Daily Demand 
I.F.R. Departures (F.Y. 1967) 

Annual Daily Peak Day Per Cent of 

- Average Daily Average 


521,481 

1429 

2455 

172 

506,655 

1388 

2447 

176 

410,940 

1126 

1871 

166 

354,663 

972 

1718 

177 

346,334 

949 

1591 

168 

338, 994 

929 

1628 

175 

314,660 

862 

1409 

163 

311,891 

654 

1339 

157 

287,129 

787 

1107 

141 

268,036 

734 

1179 

161 

243,971 

668 

1205 

180 

240,846 

660 

977 

148 

236,789 

649 

1395 

215 

215,564 

593 

1005 

169 

199,345 

546 

986 

181 

198,215 

543 

768 

141 

160,739 

330 

535 

: 171 


. I.F.R. Air Traffic Activity (F.Y. 1967) 


192 


PEAK DAY Af> yo OF AVERA6E DAILY DEPAKTUR.Ei> 




m 


220 - 


200 _ 


180 " 


160 - 


(AO . 


120 “ 


Karxsjs City 


. M«mph 1 5 




buq^oe y I 


Boston 


pe 

Jacksonvi t ie 


0 Fort VJortK 
^Houston 


New York 
# Chicago 


^Atlanta 
i ari^ol is 

O Los Angeles 


OMiaml 

# Seattle # 0aklan<l 


i_ 

200 


I I I I I I I 

400 600 800 1000 1200 1400 1600 

AVERAGE PA\LY DEPARTURE 6 

PEAK PAY DEMAND RELATED T0> AV<S DAILY DEMAND 


Figure 3-A-3 


3-A-1.6 Ratio of Busy Hour to Average Daily Traffic 


f 


Busy hour data for the entire United States is not compiled by the 
F.A.A. or C.A.B. and is not readily available otherwise. However the 
F.A.A. Air Traffic Division, Airport Activity Data sheets (RIS-AR-7230-16) 
were obtained, which list the busy hour operations for the southern region. 
Unfortunately, the limited data reduced the reliability of the busy hour 
study, since it included only a few major airports in the south. The 
data used, however, is compiled in Table 3-A-3. Busy hour Demand Related 
to Average Daily Demand. 

The busy hour demand as a per cent of average daily demand varied 
from a high of 21.3 per cent for San Juan to a low of 4.0 per cent for 
Jacksonville. Obviously more data on airports outside the southern region 
is needed. The results of the investigation are inconclusive. 

TABLE 3-A-3 Busy Hour Demand Related to Average Daily Demand (F.Y. 1967) 

Daily Per Cent of 

Center Annual Average Hour Daily Average 


Atlanta 

324,660 

862 

49 

4.5 

Miami 

240, 846 

660 

53 

8.0 

Jacksonville 

216,564 

593 

24 

4.0 

Memphi s 

119,345 

546 

54 

9.9 

San Juan 

53,417 

146 

31 

21.3 


3-A-2 Details of the Demand Model 

The gravity model suggested by M.I.T. states that the traffic demand 
between two population centers is proportional to the product of their 
populations and inversely proportional to some power of the distance between 
them: 

T 

ij 


P.P. 


( 1 ) 
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where: T.. 

ij 


P. 

J 



a 


traffic between the i origin and the j destination. 

population of i. 

population of j. 

distance between i and j . 

constant associated with air travel. 


If a proportionality constant (K) is inserted, the resulting relationship can 
then be expressed as an equation: 


T. . 


P.P. 


D, 


IJ 


( 2 ) 


As the distance between the pair of cities approaches zero, the travel 
increases without bound. Since this is not characteristic of air transportation, 
a modification is made which, for short distances, reduces the travel demand 


until a meeting with the gravity model curve occurs. 


T. . 


P.P. -(dD. .) 

K ^ (1 - e ) 

D..® 

3-J 


(3) 
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Figure 3-A-4 
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Using the above equation, with a constant value of K, growth in travel 
demand is completely dependent on growth in population of the various areas. 
Since population growth has been much slower than the growth of transportation 
demand, it must be concluded that K is not constant, but a function of time, 
K(t). A suggested modification in Equation (3) to include an annual percent- 
age change in air travel demand is: 


Tj . <n) 


K 


P^(n) P (n) 
^ 



— - 



1 - 


2ii Pi !j_ 



^ 100 " 100 " 100 

^ — 


_ — 


(4) 


where: T . . (n) 

P^(n) 
Pj (n) 
P^(n) 
Pj(n) 

'ij 

D. . 

IJ 

a, b 


travel demand, n years after vase year 
population of city i, n years after base year 
population of city j, n years after base year 
annual percentage change in population of city i 
annual percentage change in population of city j 
annual percentage change in air travel demand 
distance from city i to city j 
empirically derived constants 


A complete derivation of this can be found in the Lockheed-Georgia 
Company report [3]. 

Two final adjustment factors were also considered in adapting the 
final model. Cities of the same population may not generate the same volume 
of traffic because of differences in income factor (I^) to adjust the traffic 
volume. A second factor to consider is the attractiveness of a city to 
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travelers and businessmen. Because of the complexity of measuring this factor 
it was omitted from the final model. 


3-A-3 Final Model of Demand 

A computer program was developed that will calculate for 144 Urbanized 
areas in the United States and described by the U.S. Bureau of the Census [4]. 
Areas were omitted if sufficient data was not available to allow forecasting 
population into the future. Predictions were made for the years 1970, 1980, 

1990, and 2000, based on Equation (5). 





““ 

P.(n) P^(n) 

1 - 


t.. P, P. 

1 + ^ ^ 



100 100 100 


n 


(5) 


The constants were reevaluated after the program had sucessfully com- 
pleted the initial run and a comparison of results could be made with other 
predictions. 

3-A-4 Reduction of the Network 

A network of 144 cities can be connected by over 10,000 direct links. 

Due to practical limitations of time and computer facilities it was necessary 
to reduce the study area to a smaller network with fewer cities and their 
connecting links. Since it would be hard to find one area in the nation which 
would be considered typical or represenative of the entire United States, a 
reduced network was constructed without reference to any specific area or 
region of the nation. In the determination of the reduced network, two char- 
acteristics seem to have prime importance. The geographic distribution of the 
cities of the reduced area should be similar to that of the larger area and the 
trip generating potential of the cities of a given size should not be affected 
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by the reduction. With these considerations in mind, a sample area was created. 
3-A-4 . 1 City Size and Geographic Distribution 

The choice of a typical area should not bias the results of the study by 
having too many small cities for the total number included, likewise it should 
not be dominated by too many large ones. The population of each city in the 
sample area is fixed so that the sanple area will have approximately the same 
probability distribution function as that of the 144 urbanized areas originally 
considered. Figure 3-A-5 compares the two distributions. 

Construction of a typical network involved specification of distances 
between cities as well as the demand. To accomplish this a summary of the 
number of connecting links for various length trips was taken from the data 

available on the 144 urbanized areas. For the purposes of this study dis- 

tances of over 2000 miles were not considered. All other links were summarized 
in a cumulative function. 

A trial-and-error method was then used to construct an arrangement of 
eleven cities which would have a similar cumulative distribution. Figure 3-A-6 
indicates the two distributions and Figure 3-A-7 is a scale drawing of the area 
finally selected for the study. Assignment of populations to the locations in 

this arrangement was a similar trial-and-error process, however, no attempt was 

made to construct a cumulative plot of percent of total trips versus distance 
of trip. 

3-A-4.2 Trip Generation Potential of Cities 

Since the reduction in the number of cities under consideration reduces 
the number of possible destinations for a given city, total trip producing 
potential for that city is reduced unless trips external to the sample area are 
considered. This was accomplished by first predetermining the trip producing 
potential of a city based on its projected population and then subtracting the 
internal trips for this city from this potential. External trips were made 
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through regional hubs thus eliminating the necessity of connecting every city 
to external destinations. A further explaination of this will be found in 
Appendix 3-B-2. 

I 
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3-A-5 Computer Printout 


The following computer printout is the actual Demand Model written in 
the Fortran V computer language. 


THIS PROGRAM WILL TAKE THE 1960 POPULATION AND THE 1950-1960 
'INCREASE AND PROJECT THE POPULATION FOR 1970 » 1900 » 1990 » AND 2000. 

IT WILL CALCULATE THE DISTANCE BETWEEN EACH CITY PAIR AND THEN 
ESTIMATE AIR TRAFFIC DEMAND BETWEEN EACH CITY PAIR. 

THE FIRST DATA CARD TELLS WHAT IS THE MAXIMUM NUMBER OF CITIES TO 
BE CONSIDERED IN THIS RUN. 

READ(5»10) NMAX 

10 FORMAT (I3J 

DIMENSION CITYDT(144»8) . USP0P(6)» P0PPRJ1144.6»3) » CSUS(6)r 
1BPRJ(144.6) 

THE SECOND THROUGH N+1 DATA CARDS GIVE DATA ON CITY NAME AND 
NUMBER AS WELL AS POPULATION* POPULATION INCREASE* LATITUDE* 
LONGITUDE AND INCOME LEVEL. ATTRACTIVENESS KAS BEEN OMITTED 
FOR FIRST RUN INFORMATION. 

101 READ{5*11) N* (CITYDT(N*I) *1=1*8) ■" 

11 FORMAT ( 13*21XF9.0*F7.3*F4.0*F3.0*F5.0*F3.0»F6.0*F6.0) 

CITYDT(N*3) = CITYOT(N*3)+ CITYDT(N*4)/60.0 
CITYDT(N*5) = CITYDT(N*5)+ C ITYDT (N* 6 ) /60 . 0 

IF (N.LT.NMAX) GO TO 101 ’ “ — 

ONCE THE DATA ON EACH AREA HAS BEEN READ THE PROJECTED POPULATION 
"FOR THE U.S.A. IS NECESSARY. LAST DATA'CARIT 
READ(b*12) (USP0P(I)*I=1*6) 

12 FORMAT (6F10.1) 

THE NEXT SECTION WILL PROJECT THE POPULATION OF EACH CITY BY 
THREE methods; ARITHMETIC* RATIO AND GEOMETRIC. THIS DATA' IS 
STORED IN 'POPPRJL WHICH IS A THREE DIMENSIONAL ARRAY. THE 
FIRST SUBSCRIPT IS THE CITY NUMBER* THE SECOND THE TIME PERIODS* 

AND THE THIRD THE PROJECTION METHOD (1=ARITH*2=RATI0*3=GE0METRIC) 
WR1TE(6*15) 

15 F0RMAT(1H1*34HTHIS IS THE POPULATION PROJECTIONS) 

DO 109 N=1*NMAX ~ ' 

DO 102 1=1*3 

POPPRJ(N*l*I) = CITYDT(N*1) / <1 + CITTDTrN*2)) 

102 P0PPRJ{N*2*I) = CITYDT(N*1) 

AINCP = POPPRJ(N*l*l) ♦ CITYDT(N*2) 

GINCP = 1.0 ♦ CITYDT(N*2) 

00 103 J=l*2 

103 CSUS(J) = (P0PPRJIN*J*2) / USPOP(J)) / 1000.0 
RINCCS = CSUS(2) - CSUS(l) 

DO 104 J=3*6 

POPPRJ<N* J*l) = POPPRJ(N* J-l*l) ♦ AInCP 
CSUS(J) = CSUS(J-l) + RINCCS 

P0PPRJ(N*J*2) = CSUS(J) * USPOP(J) » lOOO'.TJ 

104 P0PPRJ(N*J*3) = POPPRJ(N* J-l*3) * GINCP 

DO 108 J=2*6 

THIS SECTION TAKES THE THREE PROJECTIONS OF POPULATION AND SELECTS 
A BEST ESTIMATE. IF THE RATIO PROJECTION IS BETWEEN THE OTHER TWO* 
IT IS SELECTED* OTHERWISE 1/3 OF THE DIFFERENCE BETWEEN THE ARITH. 
AND GEOM. IS ADDED TO THE ARITHMETIC FOR THE' BEST ESTIMATE.' 

IF (POPPRJCN* J*2) - POPPRJ(N*J*l) ) 105*106*107 

105 BPRJ(N*J) = POPPRJ(N*J*l) + 0.333 ♦ (POPPRJ (N* J*3) -POPPRjfN* J* 1 ) ) 

GO TO 108 

106 CONTINUE 

IF (J.EQ.2) GO TO 107 
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GO TO 105 

107 BPRJ(N*J) = POPPRJ(N* J»2) 

108 CONTINUE 

109 CONTINUE 

STATEMENTS 108 THROUGHr BUT NOT INCLUDING 109» CAN BE REMOVED 
ONCE program has BEEN RUN SATISPACTORALY* ' 


DIMENSION DIST(144.144) » TRVLIN( 61»144) 

C THIS SECTION OF PROGRAM CALCULATES TH^“SREArTTftCCE' ^STANCE' 
C BETWEEN CITY PAIRS BASED ON LATITUDES AND LONGITUDES. 

WRITE(6»16) 

16 FORMAT (1H1.39HTHIS IS A SAMPLE OF THE DISTANCE OUTPUT) 

DO 311 I = 1»NMAX ** 

DO 310 J=1.NMAX 

IF (J-I) 302»302»303 

302 DISTU.J) = 0.0 

GO TO 310 

303 IF (CITYDT(I»5) - CITYDT(J»5)) 305.304.305 

304 DIST(I.J) = ABS(CITYDT(I.3) - C1TYDT(J.3)) *'60.0 / 1.17 
GO TO 310 

305 IF (CITYDT(I.3) - CITYDT(J.3)) 307.306.308 

306 RADAOB = ABS (Cl TYDT ( I . 5) - CITYDT(J»5)) ♦ 0.01745 

OA = 3438.0 ♦ C0S(CITYDT(I.3) * 0.01745) ’ 

AB = 2.0 ♦ OA * SIN(RADAOB / 2.0) 

AOB = 2.0 * ASIN((0.5 * AB)/(3438'.0) ) ' 

DIST(I.J) = AOB * 57.296 * 60.0 / 1.17 

GO TO 310 

307 ALAT = CITYDT(I.3) 

ALONG = CITYDT(I.5) ~ 

BLAT = CITYDT(J.3) 

BLONG = CITYDT(J.5) ' 

GO TO 309 

308 ALAT = C1TYDT(J.3) 

ALONG = CITYDT(J.5) 

BLAT - CITYDT(I.3) 

BLONG = CITYDT(I.5) 

309 P = ABS(AL0N6 - BLONG) * 0.01745 

PA = 190.0 - ALAT) * 0.01745 

PB = (90.0 - BLAT) * 0.01745' 

PD = ATAN(COS(P)*TAN(PB) ) 

AD = PA - PD 

A = ATAN(TAN(P) ♦ (SIN(PD)/SIN(AD) ) ) 

AB = ASIN(SIN(P)* (SIN(PB)/SIN(AJ) ) 

DIST(I.J) = AB * 57.296 ♦ 60.0 / 1.17 

310 CONTINUE ■■ — 

WRITE(6.17) I.(DISTd.J) .0=10.140.10) 

17 FORMAT (IH .I3.14F8.0) - 

311 CONTINUE 

DIMENSION KAUL(61) ' 

DO 350 K0NT=1.61 

350 KAULXKONT) = 0 ' 

BLKDST = 50.0 

MPDl = NMAX - I — 

DO 360 I = l.MPDl 

MP02 = I' + 1 

DO 360 J = MPD2.NMAX 
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UPLIMT = bO.O 
K = 1 

3b6 IF (DIST(I»J) - UPLIMT) 358» 358» 357 

357 UPLIMT = UPLIMT + BLKDST 

K = K + 1 

IF (UPLIMT. GT. 3001.0) GO 10 358 
GO TO 356 

358 KAUL(K) = KAUL(K) +1 
360 CONTINUE 

WRITE(6»351) 

351 FORMAT (1H1» 25H UPLIM NO. CITIES 
UPLIMT =50.0 

DO 365 I = 1»61 
UPLIMT = UPLIMT + BLKDST 
365 WRITE(6»352) UPLIMT. KAUL(I) 

352 FORMAT < IH »F6.0» 18) 

THIS SECTION PREDICTS DEMAND FOR EACH CITY PAiR'BASED' ON THE 

GRAVITY model; 

WRITE (6» 18) 

18 FORMAT (lHlf31H THIS REPRESENTS DEMAND SUMMARY) 

MAXI = 0.0 
MINI = 1.0 
DO 410 I=1»NMAX 

IF (CITYDT(I.7) .GT.MAXI) MAXI = CITYDTd»7) 

IF (CITYDT(I»7).LT.MINI) MINI = CITYDT(I»7) 

410 CONTINUE 

DO 445 N =2»6 — — 

DO 411 K =1.61 

411 TRVLIN(K.N) = 0.0 

TTRVL = 0.0 _ 

■ MPDl = NMAX - 1 ~ ■ 

DO 420 I = l.MPDl _ 

MP02 =1+1 

DO 420 J = MPD2.NMAX 

415 FACTII= CITYDT(I.7) / MAXI 
FACTIJ= C1TYDT(J.7) / MAXI 

FACTO = 0.5*(BPRJ(I»N)*BPRJ(J.N) )/( (OIST 1 1 » J) ♦♦0 . 4) * ( 10 . 0**7. 0 ) ) 
SLAC =-(0.007*(DIST(I. J) ) )**2.0 
FACTE = 1.0 - EXP (SLAC) 

FACTT = (1.1) *♦ (10.0*XN) 

XN = N-1 

DIST(J.I) = (FACTII + FACTIJ) ♦ FACTG ♦ FACTE * FACTT 

BLKDST = 50.0 " ' 

UPLIMT = 50.0 

K=1 

KMAX = 61 

416 IF (DIST(I.J) - UPLIMT) 418.418.417 

417 UPLIMT = UPLIMT + BLKDST 

K=K+1 

IF (UPLIMT. GT. 3001.0) GO TO 418 

GO TO 416 ' 

418 TRVLIN(K.N) = TRVLIN(K.N) + DIST(J.I) 

TTRVL = TTRVL + DIST(J.I) 

420 CONTINUE 

WRITE(6.21) ~ ■ 

DO 422 I=1»NMAX 
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00 4£1 J=lrNMAX 

IF (I.GT.J) CITrOT(I»8) = CITYDT(I»8) + DISK I » J)/ 2.0 
IF (I.LT.J)CITYDT(I »8) = CITYDT(J»8J + DISTU»I)/2.0 

421 continue ■ _ 

422 WRITE(6»22) I» CITY0KI*8) 

21 FORMAT (1H1»6X»16H CITY DEMAND ) 

22 FORMAT (IH »5X» I3»F10.0 ) 

C BEFORE INDEXING ON A NEW VALUE OF N WRITE DISTRIBUTIONS 

DIMENSION CUMTRV(100»6) » PTRVLdOO»6) 

CUMTRV(lfN) = TRVLIN(1»N) / TTRVL 

PTRVL(1*N) = TRVLIN(1»N) / TTRVL 

DO 430 K=2»KMAX 

PTRVL(K»N) = TRVLIN(K»N) / TTRVL 

430 CUMTRV(K»N) = CUMTRV (K-1 »N) + PTRVL(K»N) 

WRITE(6»19) 

19 FORMAT (1H1» 14H UPPER LlMlT» 6X»'6 HD£MAnD»9X*7HPERCEnT» 10X»3HCUM 
1 ) 

UPLIMT = 0 - 

DO 445 K =1»KMAX _ 

UPLIMT = UPLIMT + 50.0 

WRITE(6»20) UPLIMT* TRVLIN(K*N) » PTRVL( K*N ) * CUMTRV(K*N) 

20 FORMAT (6X *F5. 0 *F15 . 0 *F15. 3 *F15 .33 ' 

445 CONTINUE 

end 
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APPENDIX 3-B 


This appendix details the route selection and loading procedure. 

Specific information pertinent to a more complete understanding of the 
route selection method is covered here. As such, an understanding of the 
general procedure is necessary. Therefore, this appendix should be read 
in conjunction with the appropriate portions of Chapter 3. 

2- B-l Inputs to the Model 

In addition to those items mentioned in Chapter 3, some other parameters 
are input to the model. These are used to fine-tune the selection process, 
and to eliminate certain biases. 

3- B-l.l Aircraft Inputs 

Several inputs regarding characteristics of the specific aircraft in 
the mix have been included to assist in calculations carried out in the 
route model. 

A utilization curve (See Figure 3-B-l) was introduced. This allowed 
for the calculation of the fraction of an aircraft that would be necessary 
to fly a particular route. Since no scheduling considerations were under- 
taken, it was only necessary to total these fractions of airplanes needed 
to determine the total fleet size necessary to fly the network being considered. 

A second additional input for each aircraft type was a minimum distance 
below which no assignment would be made. This was included to insure that 
the plane would be flown over ranges consistent with design considerations 
used in the aircraft design and cost models. 

Finally, estimations of operating costs per flight mile were inputs. 

This was necessary to allow for the elimination of flights which might be 
carrying only a few passengers in a large capacity aircraft. Such situations 
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might otherwise occur, in the case of a final assignment of an aircraft 
to a two or three legged flight, if it were not checked. 

3-B-1.2 Route Inputs 

The method by which the routes are determined for input to the model 
was not discussed in Chapter 3. At this point, a few comments are appropriate. 

The route selection process was conducted using the demand volumes 
generated by the demand model. Those cities with large demands were con- 
nected by an appropriate route structure. Certain cities were also selected 
as hub airports, due to their regional characteristics. To the demand 
calculated for the hub city was added the demands for those feeder cities 
being served. External flights were also made from these hub cities. The 
routes selected were then re-evaluated and adjusted to account for the in- 
creased demands present. 

In selecting the structure of each route, a combination of leg lengths 
was employed. By using legs of differing lengths, the greatest opportunity 
was available for each aircraft in the mix of those available to demonstrate 
its particular advantages in terms of capacity versus range. While the 
selection of the routes, and their structure, may appear to be somewhat 
arbitrary, the demand values generated made route selection reasonably 
deterministic . 

3-B-2 The Route Model Algorithm 

Some additional comments regarding the algorithm itself are warranted 
The process of assigning a plane to a route is described in Chapter 3. 

Since the STOL craft are assigned first, all demand is reduced to less than 
a STOL plane load before the CTOL assignment process begins. If a small 
city is located within STOL range of the hub city, a STOL port may be all 
that is required at the smaller city, since STOL can accomodate all flights 
to and f rom i t . 
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The route model calculated the fleet size required to allow for air- 
craft costing. In addition to this, the number of average daily operations 
for each city was obtained to assist in the consideration of the airport 
size and control equipment necessary. This calculation was not adjusted 
for general aviation and only included the commercial flights. This 
figure was increased to include external trip making. 
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3-B-3 Computer Printout 


The following computer printout of the Route Model utilized is written 
in the Fortran V computer language. 


DIMENSION KAPL( 100) » CSPDdOO)* MRL(100)» LDAt A ( lOO » 10 ) » 

1 MINRL(100)» KSRL(100)» KDIST ( 11 » 11 ) » KDMD(11»11)» MINRA(200)» 

2 KROUTE(200» 10) » KROUTF (200»2) » MAXRA12D0)» NCPAXdl)* NCFdD» 

3 NSPAXdl)# NSFdl)» KFREQdl*ll)» NPAXIJdldl)» NSAVIJdldD* 

4 AFTdldl) »NCTAP(11) » NPF (11 dl J » NSFI J (11 » ID » NCFI J ( 11 » 11 ) » 

5 FUDGE (11 )» COSTR( 10 )» NOPHR(ll) 

903 FORMAT (I1»I2) 

904 FORMAT (53H1PR0GRAM TERMINATED IN READ SECTION OF AIRCRAFT FILES*/ 
143HAN IMPROPER DATA IDENTIFIER WAS INCOUNTERED) 

905 FORMAT (11*13*13*13*14*12*1114) 

906 FORMAT (67H1PR0GRAM TERMINATED DO TO IMPROPER SEQUENCE OF AIRCRAFT 
1 DATA CARDS ) 

907 FORMAT (11*12) 

(1H1*54HPR0GRAM TERMINATED 
40H AN IMPROPER IDENTIFIER 
(11*12*1114) 

(1H1*44H THE DISTANCE MATRIX CARDS ARE OUT OF ORDER") 
(11*12*1117) 

(1H1*42H THE DEMAND MATRIX CARDS ARE OUT OF ORDER 1 
(11*13) 

(1H1*49HPR0GRAM TERMINATED IN TTEAD SrCTIOKTOF “ROUTE FILES*/ 
IMPROPER IDENTIFIER WAS INCOUNTERED ) _ _ 

(I1*I3*SI2) 

(1H1*33HTHE ROUTE CARDS ARE NOT IN ORDER ) 

F0RM"AT(“I2* II* I2*7Ib) 

F0RMAT(I2*13*5I5) 


908 FORMAT 
1LE5 */ 

909 FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

139H AN 

915 FORMAT 

916 FORMAT 

929 

930 


IN READ SE CTION OF 
WAS INCOUNTERED” “ ) 


STUDY AREA FI 


910 

911 

912 

913 

914 
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931 F0RMAT(I2»I3»Ib»F8.3»I5»F8.3»F7.3) 

933 FORMAKia^ISflb) 

935 FORMAT (1H1»44H AN ERROR OCCURED IN THE RUN DATA FILE ) 

936 F0RMAT(I2»I3»I3»4X»I8»12X»I8»6XVI4) 

937 FORMAT ( 12 » 1H» » 12 »1H» » I3» 1H» r 14* 1H» ) 

938 FORMAT(I1*I2*11F7.0) ' ' 

939 FORMAT (42H1 THIS IS A PRINTOUT OF THE AIRCRAFTFILE */52H I.D. 
ICAP. CSU RANGE DISTANCE-COSt PAIRS' *47X*11H MiNRL RWY ) 

940 F0RMAT(I4*3I7*bX* 4( 15* I5*bX) *5X* 16* 15) 

941 FORMAT (1H1*36HTHIS IS THE DISTANCE MATRIX FOR 7Hr~*I2*8H CITIES. ) 

942 FORMATtlH *13*1116) __ _ _ 

943 FORMATdH */*3bH THIS IS THE DEMAND BETwEEN CITIES */) 

94b FORMAT (13H1R0UTE FILES*/14H NO. SEQUENCE*//) 

946 FORMATC 13*415*15*15) ‘ ' " 

947 FORMATdHl* //IIH RUN NUMBER * 13* ///* 14H PLANES IN MIX * 

1I5*5H AND *I5*/*4X*8HQUANTITY*2X*I5*5X*I5*77»56H CITY" AIRPORT MAX 
2DY OPS/HR CONTROLS RUNWAY LENGTH ) 

949 FORMATdH * /*22H CTOL FRACTION CLASS *20X'22H STOL FRACTION CLASS 

1 */*Ib*F10.5*I8*2bX*I3*F10.5*l8) 

948 FORMATdH * 14 * 16 * bX* 13* 18* 8X * 1 1 * 1 10) ' 

950 FORMAT (28H1CARDS FOR TERMINAL MODEL ) 

951"F0RMATd5*I5*I6* 18) 

952 FORMAT (28H1CARDS FOR EFF. MODEL ) 

"953 FORMATdH *212*1114*2110*12*15) * 

954 FORMAT! 212*1114*2110*12*15) 

955 FORMAT (35H AVERAGE FLYING TIME FROM 1 TO J T 

956 FORMATdlFlO.4) 

957 F0RMAT(I2*I2*11F6.3) ' ' 

958 FORMAT (19H1 FREQUENCY MATRIX ) 

960 F0RMAT(2H *//*17H NOl NPIMl NAVRGl *20Xi7H N02 NPIM2 NAVRG2*/* 
1I3*I6*I5*23X*I3*I6*I5) 

961 FORMATdbH FUDGE FACTORS *//*llF8.3) 

962 FORMAT I 6110 ) 

963 FORMAT (7110 ) 

964 FORMAT ( 3I10*F10.5* 110) 

965 FORMAT(6I10) 

966 FORMATd5*I5»llI10) 

967 FORMATdH *13*13*2214) " 

968 F0RMAT(I2*I2*22I3) 

969 FORMAT (28H1CARDS FOR AIRCRAFT 'F0T5EC J 

970 FORMATdH *12*13*14*15) 

971 F0RMAT(28H1CARDS FOR CONTROLS MODEL — T 

972 F0RMAT(I2*I2»11I6) 

994 FORMAT(I5*11F10.3) 

995 FORMATd5*llI10) 

996 FORMAT (31 10) 

997 FORMAT ( 15* I5»F10.1*4F10.4*4F10.2) 

998 FORMAT(12F10.3) 

999 FORMAT(12I10) 

1000 FORMATdHl) - 

1001 FORMATdH ) 

VTAXOr = 6 ' 

YHRS = 8760 

NP = 2 

NCLASl = 1 

NCLA52 ^ T* 

GDMIN = 1 
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This section reads the aircraft file and prints The data for 

REVIEW 


WRITE(6f939) 

READ(b* 903) KAT» NDF 

IF IKAT.EQ.I) GO TO 2 

1 WRITE(6» 904) 

STOP 1108 

2 DO 3 I=1»NDF 

READ(b» 905) J» L» KAPL(I)» MIKE » MRL ( I ) »_LDATA ( I^1J_» 
1(LDATA(I»K) »K=2» 9) » MINRL(I) » KSRL(D 
CSPDU) = MIKE 
IF (J.NE.1) go to 1 

WRITE(6»940) L» KAPL(D» MIKE » MRL(D» (LDATA( I »K) »K=2»9) » 
IMINRL(I) »KSRL(I) 

IF (L.EQ.30) WRITE(6»939) 

IF (L.EQ.I) 60 TO 3 

WRITE(5» 906) 

STOP 1108 

3 CONTINUE 


THIS SECTION READS THE FILES ON THE STUDY AREA. THE DISTANCE 
' between nodes is READ FIRSTf THEN THE DEfTANO. 

READ(5t 907) KAT» NODE ~ 

WRITE(6»941) NODE 
" IF (KAT.EQ.2) GO TO 5 

4 WRITE(6» 908) 

STOP 1108 ■ ■ 

5 DO 6 I=l»NODE 

READT5» 909) J. K» (KDIST ( I » 121 » 12=1 »N0Dtr 
WRITE(6»942) K» (KDIST ( I » 12 ) » 12=1 * NODE ) 

IF (J.NE.2) GO TO 4 ' 

IF (KDIST(Ifl) .EQ.O) GO TO 6 
'WRITE16» 910) 

STOP 1108 

6 continue 

WRITE(6»943) 

DO 7 1=1 .NODE 

READ(5» 911) Jr K* (KDMDU * 12) » 12=1 »NODE> 

WRITE(6»942) K» (KDMD(I»I2) »I2=lrN0DE)“ ' 

IF (J.NE.2) GO TO 4 

“ “IF (KDMD(Irl).EQ.O) GOTO 7 ~ 

WRITE(6» 912) 

STOP 1108 

7 CONTINUE 


FUDGE IS AN ARRAY OF FACTORS TO ADJUST TRAVEL FROM CERTAIN NODES 
TO THE EXPECTED MAGNITUDE “ ~ 

FfEADTSV 938) J»K» (FUDGE( I ) » 1=1 »N0DE1 
WRITE(6»961) (FUDGE(I)*I=1»11) 


THIS SECTION READS INFORMATION ON THE POSSIBLE ROUTES. 


READ(b» 913) KATr MAXR 
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IF (KAT.EQ.3) GO TO 
8 WRITE(6» 914) 

STOP 1108 
"9 KONT = 1 

DO 12 I=1»MAXR 
IF (KONT.EQ. 1) WRITE(6»945) 

READ(5» 915) J» K» (KROUTE ( I »_I^» 12=1 . 5) 

~ NAUX = KROUTE(I»l) +1 - . - - 

IF(J.NE.3) 60 TO 8 

IF (K.EQ.I) 60 TO 10 " 

WRITE(6» 916) 

STOP 1108 

10 MINRA(I) = 9999 

NOM = KROUTE(l»l) - 1 ' ' 

MAXRA(l) = 0 

DO 11 J=1»N0M - 

ITHN = KROUTEU»J+l) 

JTHN = KR0UTE(IrJ+2) 

IF (KDIST(ITHN*JTHN).LT.MINRA(I))_MINRA(I) = KDIST ( nHN» JTHN) 

11 IF (KDISTdTHNf JTHN) .GT.MAXRAd) ) MAXRACI) = KDIST(ITHN»J 
KONT = KONT + 1 

- IF (KONT. EQ. 50) KONT = 1 ~ 

WRITE(6r946) K» (KROUTE d r 12 ) » ^2=2*NAUX) » MINRA (I ) »MAXRA d ) 

12 CONTINUE 

14 CONTINUE 


THIS SECTION READS DATA ON SPECIFIC RUNS. IT IS ASSUMED THAT 
THERE ARE TWO PLANES IN THE MIX — IJNE CTOL (NOD AND ONE 5T0L 
(N02). THE PROGRAM WILL CONTINUE TO CYCLE UNTIL THE LAST DATA 
card is read and an error MESSAGE APPEARS - 947. 

KRUNNO = 1 

15 READ(5.933) KAT» NOl» N02 

IF (KAT.NE.IO) GO TO 55 

PIMl = 0 

PlM2 = 0 - ‘ 

KDSTl = 0 

KDST2 =0 ■ 

DO 16 I=l»ll 

■ NSF(I) = 0 

NCFd) = 0 

NCPAXd) =0 * 

NSPAXd) = 0 

DO 16 J=l»ll 

NSAVlJd.J) = 0 

AFTTI.J) = 0 

KFREQd*J) = 0 

‘ NPAXIJd.J) = KDMDd.Jl 

NSFlJd.J) = 0 

NCFIJd.J) = 0' " 

16 CONTINUE 

■ DO 17 I=1»MAXR‘ ' 

KROUTFd.l) = 0 

KROUTFd.2) =0 - 

17 CONTINUE 


C THE FIRST STEP IS TO PLACE STOL PLANES ON ALL POSSIBLE ROUTES 
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THAT HAVE ENOUGH DEMAND TO F^ILL THE PLANE TO 80 PER CE NT 0F_ 
CAPACITY. 

X =■ KAPL(N02) 

L0AD2 = 0.6 ♦ X 
DO iOO KTHR=1»MAXR 

IF (MRLIN02) .LT.MAXRA(KTHR) ) 60 TO 100 
IF IKR0UTE(KTHR» 1) .NE.2) 60 TO lOO 
ITHN = KR0UTE(KTHR*2) 

~JTHN KR0UTE(KTHR»3) 

IF (NPAXIJ(ITHN» JTHN) .LE.L0AD2) 60 TO 100 
NUM = NPAXIJ(ITHN»JTHN)/L0AD2 

KDST2 = KDIST(ITHN»JTHN) ♦ NUM ♦ 2 + KDST2 

KR0UTF(KTHR»2) = KROUTF (KTHR » 2) + NUM 
NPAXIJdTHNf JTHN) = NPAXI J( ITHN» JTHN) “ NUM ♦ L0AD2 
■NPHXIJ(JTHN»ITHN) = NPAXIJ(JTHN/rTHFrr^~NUM ♦ L0AD2 
KFREQdTHNfJTHN) = KFREQ< ITHN» JTHN) + NUM 
KFREO(JTHNdTHN) = KFREQ< JTHNdTHN) + NOW 
NSPAXdTHN) = NSPAXdTHN) + NUM ♦ L0AD2 

NSPAX(JTHN) = NSPAX(JTHN) + NUM ♦ L0AD2 

NSFdTHN) = NSFdTHN) + NUM ♦ 2 
-- NSFIJTHN) = NSF(JTHN) + NUM * 2 

NSAVIJCITHNr JTHN) = NSAVI J(ITHN» JTHN) + NUM * KAPL(N02) 
NSAVIJ(JTHN»ITHN) = NSAVI J(JTHN»IThNT“+ NUM ♦ KAPL(N02l 
DIST = KDIST(ITHN» JTHN) 

L = N02 

A1 = (DIST-100.0) 

'AZ ^ A1 / C5PD(L) 

BTYME = A2 ♦ 0.6 
IF (BTYME. GT. 2.0) GO TO 95 

UTILl = (1586.6 + 1673.3*BTYME - 316.8*BTYME**2.0) / YHRS 
- -SO TO 99 - 

95 IF (BTYME. 6T. 3.0) GO TO 96 

UTTLI = ( 2800.0 + 400 . 0*BTYWEr / YHRS 

GO TO 99 

96 IF (BTYME. GT. 4.0) GO TO 97 

UTILl = (3400.0 + 200.0*BTYME) / YHRS 
“GO TCT 99 “ “ 

97 IF (BTYME. GT. 6.0) GO TO 98 

UnLl“= (3800.0 + 100.0*BTYMET T-YHR5 
60 TO 99 

98 UTILl = (4100.0 + 50.0*BTYME) / YHRS ~ 

99 PIM2 = PIM2 + 2.0 * NUM ♦ (BTYME/UTILl ) /24. 0 

AUX - NUM “ 

AFT(ITHN»JTHN) = AFT(ITHN» JTHN) ♦ AUX * BTYME 
SFTT JTHN » ITHN) = AFT( JTHN» ITHN7 * BITML 

100 CONTINUE 
5000 CONTINUE 

“ THE NEXT STEP IS TO PLACE CTOL PLANES ONT AUL“R(50TES POSSIBLE 
THAT HAVE ENOUGH DEMAND STILL REMAINING TO FILL THE PLANE TO 
BITPERTENT CAPACITY. ~ ' 

X = KAPL(NOl) — - 

LOADl = 0.6 ♦ X 

KTHR=1»MAXR “ 

IF (MRL(NOl) .LT.MAXRA(KTHR) ) 60 TO 200 
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IF (MINKLINOD .6T.MINRA(KTHR) ) 60 TO 200 
IF (KROUTE(KTHR»l) .NE.2) GO TO 200 

IThN = KR0UTE(KTHR»2) 

JTHN = KR0UTE(KTHR»3) 

IF (NPAXIJ( ITHN» JTHN) .LE.LOADl) 60 TO 200 

NUM = NPAXIJUTHN» JTHN) / LOADl 

KDSTl = KDIST(ITHN» JTHN) * NUM * 2 + KDSTl 

KR0UTF(KTHR»1) = KR0UTF(KTHR*1) + NUM‘ ‘ ♦ 2 

NPAXIJ( ITHN» JTHN) = NPAXIJ(ITHN»JTHN) - NU^*J.0AD1 _ _ _ 

NPAXIJ( JTHN»ITHN) = NPAXIJ( JTHN» ITHN) -NUM* LOADl 

KFREQ(ITHN» JTHN) = KFREQ( ITHN» JTHN) + NUM 

KFREQ( JTHN» ITHN) = KFREQ( JTHNf ITHN)' + NUM 

NCPAX(ITHN) = NCPAX(ITHN) + NUM ♦ LOADl 

NCPAX(JTHN) = NCPAX(JTHN) + NUM ♦ LOADl 

NCF(ITHN) = NCFIITHN) + NUM ♦ 2 

NCF(JTHN) = NCF(JTHN) ♦ NUM ♦ 2 ' ^ 

NSAVIJ( ITHNtJTHN) = NSAVIJ( ITHN* JTHN) + NUM ♦ KAPUNOl) 
NSAVIJ( JTHN* ITHN) = NSAVIJ ( JTHN * ITHN) + NUM ♦ KAPLlNOD 
OIST = KDISTdTHN* JTHN) 

L = NOl 

A1 = (DIST-100.0) 

A2 S' A1 / CSPO(L) 

BTYME = A2 + 0.6 
IF (BTYME. GT. 2.0) GO TO 195 

UTILl = (1586.6 + 1673.3*BTYME - 316.8*BTYME**2.0)_ / YHRS 
60 TO 199 

195 IF (BTYME. GT. 3.0) GO TO 196 

UTILl' = (2800.0 + 400.0*BTYME) / THRS 
60 TO 199 

196 IF (BTYME. GT. 4.0) GO TO 19? - ~ 

UTILl = (3400.0 + 200.0*BTYME) / YHRS 
GO To 199 ■ 

197 IF (BTYME. GT. 6.0) GO TO 198 

UTILl = (3800.0 + 100.0 *BTYmE) THRS" 

60 TO 199 

198 UTILl = (4100.0 + 50.0*BTYME) / YHRS 

199 PIMI = PIMl + 2.0 * NUM * (BTYME/UT ILl ) /24. 0 
AUX = NUM 

AFT ( ITHN* JTHN) = AFT ( ITHN* JTHN) + AUX * BTYME 
“AFT (JTHN* ITHN) = AFT(JTHN*ITHN) + ACJX * BTTME 

200 CONTINUE 


STOL CRAFT ARE THEN PLACED ON ALL ROUTES THAT STILL HAVE DEMAND 
“AND CAN BE FLOWN FOR LESS THAN ONE DOLLAR FER “REV .’ EEAT MILE. 

C05TR(2) = LDATA(N02*3) ~ 

COSTR(l) = LDATA(N02*2) 

C0STRI3) = LDATA(N02*4) 

C0STR(4) = LDATA(N02*5) 

C0STR(5)' = LDATA(N02*6) 

C0STR(6) = LDATA(N02*7) 

C0BTR(7) = LDATA(N02*8) 

C0STR(8) = LDATA(N02*9) 

TR5 300 KTHR=1*MAXR 

IF (MRL(N02) .LT.MAXRA(KTHR) ) GO TO 300 
TF" (KR0UTE(KTHR*1) .NE.2) 60 TO 250 
ITHN = KR0UTE(KTHR*2) 
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JTHN = KR0UTE(KTHR»3) 

DISTl = KDIST(ITHN»JTHN) 

I = 1 „ 

201 IF (COSTR(I) .GT. DISTl) GO TO 202 

1 = 1+2 

GO TO 201 

202 CST = COSTR(I + l) * DISTl _ _ 

EFF = NPAXIJdTHNr JTHN) ♦ KDIST ( ITHN» JTHTJ) 

GOODNS = CST / EFF _ 

IF (GDMIN.LT. GOODNS) GO TO 300 

NUM = 1 

KDST2 = KDST2 + NUM ♦ KDIST ( ITHN» JTHN) ♦ 2 

KROUTF (KTHR»2) = KROUTF (KTHR » 2 ) +2 

KFREQdTHN* JTHN) = KFREQdTHN* JTHN) + I ‘ 

KFREQ(JTHN»ITHN) = KFREQ(JTHN»ITHN) + 1 

NSPAXdTHN) = NSPAXdTHN) + NUM ♦ NPAXIJdTHN^ JtHN) 

NSPAX(JTHN) = NSPAXCJTHN) + NUM ♦ NPAXIJtJTHN»ITHN)_ 

NPAXIJ(ITHN» JTHN) =0 

NPAXIJ(JTHNdTHN) = 0 

NSFdTHN) = NSFdTHN) +2 

NSF(JTHN) = NSF(JTHN) + 2 

NSAVIJdTHN» JTHN) = NSAVI JdTHN» JTHNT +~KAPHN02) 

NSAVIJ(JTHN» ITHN) = NSAVIJt JTHN» ITHN)_ + KAPL(N02) 

DISTl = KDISTIITHN* JTHN) 

L = N02 

BTYME = (DISTl - 100.0) / CSPD(L) + 0.6 

IF (BTYME. GT. 2.0) GO TO 245 

UTILl = (1586.6 + 1673.3*BTYME - 316.ff*BTTHt*»Z.U) / THR5 
60 TO 249 

245 IF ( BTYME. GT. 3.0) GO TO 246 

UTILl = (2800.0 + 400.0*BTYME) /_YHR^ 

~ GO TO 249 

246 IF (BTYME. GT. 4.0) 60 TO 247 

UTILl = (3400.0 + 200.0+BTYME) / THR5 
60 TO 249 

247 IF (BTYME. GT. 6.0) GO TO 248 

UTILl = (3800.0 + 100.0+BTYME) / YHRS 
GO TO 249 

248 UTILl = (4100.0 + 50.0+BTYME) / YHRS 

249 P1M2 - PI M2 + 2.0 * NUM * (BTYMEAITILDTZir.TJ 

AUX = NUM _ __ 

AFT(ITHN» JTHN) = AFTdTHNr JTHN) + AUX * BTYME 

AFT(JTHN» ITHN) = AFT( JTHN» ITHN) + AUX * BT^ME 

GO TO 300 

250 ITHN = KROUTE(KTHR»2) 

JTHN = KR0UTE(KTHR»3) 

KTHN = KR0UTE(KTHR»4) 

DISTl - KDIST(ITHN» JTHN) 

DIST2 = KDIST( JTHNfKTHN) 

1 = 1 ■ 

J = 1 

25T IF TCOSTRd) .GT. DISTl) GO TO'252 " 

1 = 1 + 2 
GO TO 251 

252 IF (COSTR( J) .6T.DIST2) 60 TO _2^ 

• j = j + 2 
GO TO 252 


217 


253 CST = C0STR(I+1) ♦ DISTl + C0STR(J+1) * DI^2 

NPAX13 = NPAXIJ( ITHN»KTHN) 

NSAV12 = KAPHN02) - NPAX13 
IF (NSAV12.LT.NPAXIJ( ITHN» JTHN) ) GO TO 270* 

NPAX12 = NPAXIJC ITHN» JTHN) 

GO TO 275 

270 NPAX12 = NSAV12 
275 NSAV23 = NSAV12 

IF ( NSAV23.LT.NPAXIJ(JTHN»KTHN) ) GO TO 280 
NPAX23 = NPAXIJ( JTHN»KTHN) 

GO TO 285 

280 NPAX23 = NSAV23 

285 EFF = NPAX13 * KOIST ( ITHN »KTHN) + NPAXJL^ ♦_l^IST( ITHN» JTHN) + NPAX 
123 * KDISTC JTHNrKTHN) +1 

GOODNS = CST / EFF _ 

IF (GOMIN.lt. GOODNS) GO TO 300 

NUM =1 _ 

K0ST2 = KDST2 + KDIST ( ITHN» JTHN) + KDISTIJTHN»KTHN) 

KR0UTF(KTHR»2) = KR0UTF(KTHR»2) + 1 _ _ 

NPAXIJ(ITHN» JTHN) = NPAXIJ ( ITHN. JTHN) - NPAX12 

NPAXIJ(ITHN.KTHN) = NPAXIJ( ITHN.KTHN) - NPAX13 _ 

NPAXIJ( JTHN.KTHN) = NPAXIJC JTHN.KTHNI NPAX23 
KFREQ(ITHN»JTHN) = KFREQ(ITHN» JTHN) + 1 

KFREQ(ITHN»KTHN) = KFREQ( ITHN.KTHN) + 1 ' 

KFREQ( JTHN.KTHN) = KFREQ ( JTHN » KTHN ) +1 _ 

NSPAX(ITHN) - NSPAX(ITHN) + NPAX12 + NPAX13 ' 

NSPAX(JTHN) = NSPAX(JTHN) + NPAX23 

NSF(ITHN) = NSF(ITHN) + 1 
NSF(JTHN) = NSF(JTHN) + 2 
NSF(KTHN) = NSF(KTHN) +1 

NSAVIJUTHN.JTHN) = NSAVIJ( ITHN. JTHN) + KAPL(N02) 

NSAVIJ(ITHN.KTHN) = NSAVIJ( ITHN. KTHN) + KAPL(N02) 

NSAVIJC JTHN.KTHN) = NSAVIJC JTHN.KTHN) KAPL(N02) 

DISTl = KDIST(ITHN.JTHN) ~~ ‘ 

L = N02 

KI = ITHN ' 

KJ = JTHN 
KONT =0 

286 BTYME = (DISTl - 100.0) / CSPD(L) + 0.6 

IF (BTYME. GT. 2.0) GO TO 287 

UTILl = (1586.6 + 1673.3*BTYME - 316.8*BTYME**2.0) / YHRS 
GO TO 291 

287 IF (BTYME. 6T. 3.0) GO TO 288 

UTILl = (2800.0 + 400.0*BTYME) r THR5 

GO TO 291 

288 IF (BTYME. GT. 4.0) GO TO 289 ~ " 

UTILl = (3400.0 + 200.0*BTYME) / YHRS 

GO TO 291 * 

289 IF (BTYME. GT. 6.0) 60 TO 290 

"UTILl = (3800.0 + 100.0*BTYME) /YHRS 

GO TO 291 

290 UTILl “ = (4100.0 + 50.0*BTTME) / THR5 

291 PIM2 = PIM2 + NUM * (BTYME/UTILI ) /24.0 

AFT(KI.KJ) - AFT(KI.KJ) + DISTl / C5PD(C) 

KONT = 1 + KONT 

■■ DISTl - KDIST( JTHN. KTHN) “ ~~ ~ 

KI = JTHN 
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KJ = KTHN 

IF (KONT.EQ.l) GO TO 286 
300 CONTINUE 
4000 CONTINUE 

CTOL CRAFT ARE THEN PLACED ON ALIT ROUTES'THAT STILL IhAVE DEMAND 
AND CAN BE FLOWN FOR LESS THAN ONE DOLLAR PER REV. SEAT MILE. 


COSTRd) = 
- CDSTRt2)“= 
COSTRt3) = 
C0STR14I = 
COSTRtS) = 
■■"C0STR(6) = 
C0STR(7) = 
'COSTRfS) = 


LDATA(N01»2) 

LDATA(N01»3) 

LDATA(N01»4) 

LDATA(N01»5) 

L0ATA(N01»6) 

LDATA(N01r7) 

LDATA(N01*8) 

LDATA(N01»9) 


DO 400 KTHR=1»MAXR 

" IF (MRL(NOl) .LT.MAXRA(KTHR) ) 60 TOT 400 


IF (KROUTE(KTHR*l) .NE.2) GO TO 350 
ITHN = KR0UTE(KTHR»2) 

JTHN = KROUTE(KTHR»3) 

DI5TI = KDIST(ITHN» JTHN) 

I = 1 

301 IF (COSTRd) .GT.DISTl) GO TO 302 - 

1 = 1 + 2 

60 TO 301 

302 CST = COSTR(I+l) ♦ DISTl 

EFF"= NPAXIJ(ITHN» JTHN) * KDI5T(ITHN» JTHNT' T' 1 
600DNS = CST / EFF 

■■ IF (GDMIN.LT.GOODNS) GO TO 400 
NUM = 1 

KD5T1 = KDST1' + NUM ♦ KDIST( ITHR. JTHR7 -Z 

KROUTF(KTHR.l) = KROUTF ( KTHR » 1 ) + 2 
" "NCPAXdTHN) = NCPAXdTHN) + NUM » NPAXI JdTHN» JTHN7 
NCPAX(JTHN) = NCPAX(JTHN) + NUM ♦ NPAXI J( JTHN* dHN) 
NPAXIJ(ITHN*JTHN) = 0 ' 

NPAXIJ( JTHN*ITHN) =0 

NCFdTHN) = NCF(ITHN) + 2 


NCF(JTHN) = NCF(JTHN) + 2 

~ NSAVIJdTHNrJTHN) = NSAVIJdTHNiJTHM) + KAPLINOD" 

NSAVIJ{ JTHN*ITHN) = NSAVI J( JTHN* ITHN) + KAPLINOD 
DISTl = KDXST( ITHN* JTHN) 

KFREQ( ITHN* JTHN) = KFREQdTHN* JTHN) + 1 
■" KFREQ( JTHN* ITHN) = KFREQ( JTHN* ITHN) +1' 

L = NOl 

BTTRE = (DISTl - 100.0) / C5PDTU 

IF (BTYME.GT.2.0) GO TO 345 

UTILl = (1586.6 + 1673.3+BTYME - 3I6.8*BTYME**ZiTJT“T"THR5 
GO TO 349 

345 IF (BTYME.GT.3.0) 60 TO 346 ~ 

UTILl = (2800.0 + 400.0+BTYME) / YHRS 

Gd TO' 349 


346 IF (BTYME.GT.4.0) 60 TO 347 

UT1L1~ = (3400.0 + 200.0*6TYMFr/ THRS" 


60 TO 349 

547 TT IBTYME.GT.G.O) 60 TO 348 

UTILl = (3800.0 + 100.0+BTYME) / YHRS 
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GO TO 349 

348 UTILl = (4100.0 ♦ 50.0*BTYME) / YHRS ' 

349 PIMI = PIMl + 2.0 * NUM ♦ (BTYME/UTILI) /24.0 

AUX = NUM ■ 

AFT( ITHN» JTHN) = AFT ( ITHN » JTHN) + AUX ♦ BTYME 
AFT(JTHN. ITHN) = AFT(OTHNflTHN) +AUX * BTYME ' 

60 TO 400 

350 IThN = KR0UT£(KThR»2) ~ ' 

JTHN = KROUTE(KTHR»3) 

“ KTHN = KR0UTE(KTHR»4) ‘ 

DI5T1 = KDIST(ITHN»JTHN) 

DIST2 = KOIST( JTHN»KTHN) 

I = 1 

351 IF (COSTR(I) .GT.OISTl) 60 TO 352 

‘I + 2 - 

GO TO 351 

352 IF (COSTR(J) .GT.0IST2) 60 TO 353 

J = J + 2 

60 TO 352 — 

353 CST = COSTR(I+l) ♦ DISTl + COSTR(J+l) ♦ DIST2 

NPAX13 = NPAXIJ(ITHN»KTHN) “ 

NSAV12 = KAPL(NOl) - NPAX13 

IF (NSAV12.lt. NPAXIJ(ITHN»JTHN)) 50T0 370 " ~ 

NPAX12 = NPAXIJ( ITHN* JTHN) 

GO TO 375 “ 

370 NPAX12 = NSAV12 

375 NS^AV23 = NSAV12 ^ 

IF ( NSAV23.LT.NPAXIJC JTHN»KTHN) ) 60 TO 380 
NPAX23 = NPAXIJ(JTHN*KTHN) 

60 TO 385 

380 NPAX23 = NSAV23 ' 

385 EFF = NPAX13 ♦ KDIST ( ITHN»KTHN) + NPAX12 ♦ KDIST( ITHN* JTHN) + NPAX 

123 ♦ KDIST( JTHNfKTHN) + 1 ~ “ 

600DNS = CST / EFF 

IF (6DMIN.LT.6000NS) 60 TO 400 “ 

NUM =1 

KDSTl = KDSTl + KDIST( ITHN* JTHN) + KDISTT JTHN*KTHR) 

KR0UTF(KTHR*2) = KROUTF (KTHR*2) + 1 

■■■■■NPAXTJ( ITHN* JTHN) = NPAXI JCITHfT* JTHNT - NPAX12 

NPAXIJ(ITHN*KTHN) = NPAX I J ( ITHN * KTHN) - NPAX13 
NPAXIJ(JTHN*KTHN) = NPAXIJ(JTHN*K7HN7 - NPAX23 
KFREO( ITHN* JTHN) = KFREQ( ITHN* JTHN) + 1 

KFRE(5f ITHN* KTHN) = KFREQ( ITHN*KTHNT + T 

KFRE0(JTHN*KTHN) = KFREQ(JTHN*KTHN) + 1 

■•-~N(n5AXTITHN) = NCPAX(ITHN) + NPAXI2 T RPAXr3 

NCPAX(JTHN) = NCPAX(JTHN) + NPAX23 

NCF(ITHN) = NCF(ITHN) +1 ~ ” ‘ 

NCF(JTHN) = NCF(JTHN) + 2 

" NCrn<THN)"= NCF(KTHN) + 1 — 

NSAVIJ( ITHN* JTHN) = NSAVIJC ITHN* JTHN) + KAPL(NOl) 

N5AVTJ^riTHN*KTHN) = NS A V IJ ( I THN * KTHRT + XSPLT NOD ' 

NSAVIJ(JTHN*KTHN) = NSAVI J( JTHN*KTHN) + KAPL(NOl) 

OT5Tr= K0IST(ITHN>JTHN) ■ 

L = NOl 
Kl = TTHn 
KJ = JTHN 
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KONT = 0 

386 BTYME = (DISTl - 100.0) / CSPD(D + 0.^6 

IF (BTYME. 6T. 2.0) 60 TO 387 

UTILl = (1586.6 + 1673.3*BTYME - 3i6.8*6TYM£**S.'(r) T YHRS 
60 TO 391 

387 IF (BTYME. 6T. 3.0) 60 TO 388 

UTILl = (2800.0 + 400.0+BTYME) / YHRS 

60 TO 391 

388 IF (BTYME. 6T. 4.0) 60 TO 389 

UTILl = (3400.0 + 200.0*BTYME) / THRS 
60 TO 391 

389 IF (BTYME. 6T. 6.0) 60 TO 390 ' 

UTILl = (3800.0 + 100.0*BTYME) / YHRS 
60 TO 391 

390 UTILl = (4100.0 + 50.0*BTYME) / YHRS 

391 PIMI = PIMl ♦ NUM ♦ (BTYME/UTILlTT^IfTir 

AFT(KIrKJ) = AFT(KI»KJ) + DISTl / CSPD(D 
KONT = 1 + KONT 

DISTl = KD1ST(JTHN»KTHN) 

KI = JTHN 
KJ = KTHN 

IF (KONT.EQ.l) 60 TO 386 
400 CONTINUE 
500 CONTINUE 


calculations for THE NECESSARY PRINTOUT 

'NPIMI = PIMl ^ ■ 

NPIM2 = PIM2 

NPMIT = PIMl +PIM2 - 

DO 610 I=l»ll 
AUX = NCPAX(I) 

NCPAX(I) = AUX ♦ FUD6E(I) ♦ 2 
AX i NSPAX(I) ■ 

NSPAX(I) = AX ♦ FUD6E(I) ♦ 2 
NSF(I) = NSF(I) ♦ 5 
NCF(I) = NCF(I) ♦ 5 
NOPHR(I) = (NSF(I) + NCF(D) / 24 
610 CONTINUE 

MSRL = KSRL(N02) 

DO 650 I=l»ll 
NSOP = NSF(I) 

NCOP = NCF(I) 

IF (NCOP.NE.O) 60 TO 615 - - ■ 

NCTAP(I) = 6 

' 60 TO 650 “ 

615 CONTINUE 

TOP = NCOP + NSOP 

IF (TOP. 6T. 1000.) 60 TO 625 

IF (NSOP. 6T. 300) 60 TO 620 
NCTAP(I) = 1 
GD~ TO 650 
620 CONTINUE 

NCTAP(I) = 3 

60 TO 650 

625 IF ( NCOP. GT. 500) GO TO 630 
NCTAP(I) = 4 
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630 


635 

650 


690 


695 


700 


720 


60 TO 650 

IF (NSOP.GT.200) 60 TO 635 ' “ 

NCTAP(I) = 2 
GO TO 650 
NCTAP(I) = 5 

CONTINUE 

DO 690 I=l»ll 
DO 690 U=l»ll 
AUX = KFR£Q(I»J) 

AFT(I»J) = AFT(I»J) / AUX 

NPF(I»J) = KDMD(I»J) 

IF (KDMD(lrJ) .6T.NSAVIJ(I»J) ) NPF(I»J) =NSAVIJ(I»J) 
CONTINUE 

DO 700 KTHR=1»MAXR ' " 

IF (KROUTE(KTHR»l) .EQ.3) GO TO 695 
ITHN = KR0UTE(KTHR»2) 

JTHN = KR0UTE(KTHR»3) 

NSFIJ(ITHN» JTHN) = NSFI J( ITHN» JTHN) 

NCFIJUTHN» JTHN) = NCFI J( ITHN» JTHN) 

NSFIJ(JTHN»ITHN) = NSFIJ( JTHN» ITHN) 

NCFIJl JTHN* ITHN) = NCFI J( JTHN* ITHN) 

60 TO 700 
CONTINUE 

ITHN = KR0UTE(KTHR*2) 

JTHN = KR0UTE(KTHR*3 ) 

KTHN = KROUTE(KTHR*4) 


+ KROUTF(kTHR*2) 
+ KROUTF(KTHR*l) 
+ KR0UTF(KTHR*2) 
+ KROUTF(KTHR*l) 


NSFiJdTHN* JTHN) 
NCFIJdTHN* JTHN) 

NSFIJl JTHN*KTHN) 
NCFIJ(JTHN*KTHN) 
CONTINUE 
KFl = 0 
KF2 = 0 
DO 720 1=1*11 
DO 720 J=l*ll 
KFl = KFl + NCFIJ(I*J) 
KF2 = KF2 + NSF1JU*J) 
CONTINUE 

NAVRGl = KDSTl / KFl 
NAVR62 = KD5T2 / KF2 


NSFIJ(ITHN*JTHN) 
NCFIJdTHN* JTHN) 
NSFIJ( JTHN*KTHN) 
NCFIJ(JTHN*KTHN) 


+ KR0UTF(KTHR*2) 
+ KROUTF(KTHR*l) 
+ KR0UTF(KTHR*2) 
+ KROUTFIKTHR*!) 


THE PRINT PUNCH SECTION WILL CYCLE THREE TIMES FOR EACH MIX THAT 
IS RUN. THIS IS DONE TO ALLOW THREE PACKAGES OF CONTROL EQUIP- 
MENT TO 0E TESTED - - ' " 


DO 099 KPACK=1*3 


DATA FOR THE CONTROLS MODEL IS PUNCHED FIRST. “THE I. D. NUMBER 
IS 12 AND THERE SHOULD BE 33 CARDS PUNCHED. 


WRITE(6»971) 
KID = 12 


WRITE<7*929) KID* NP* NOl* NPIMl* N02* NPIM2 

WRITE(6»962T KID*NP»N01 »NPIM1 *N02*NPIM2 ~ ~ 

DO 610 1=1*11 

WRITE{6*963) KID* I *NCTAPd ) *MAXOY*NOPHRm *KPAC)r*H5RL 
WRITE(7*930) KID* I* NCTAP(I)* MAXDY* NOPHR ( I ) * KPACK* MSRL 
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810 


FI = NCF(I) / (NCF(I) + NSF(I)) 

F2 = 1.0 - FI 

WRITE(7»931) KID» I» N01» Fl» NCLASl 
WR1TE(7»931) KID» I» N02* F2* NCLAS2' 


WRITE(6»964) KID» I »N01 »F1 » NCLASl 
WRITE(6r964) KID» I »N02»F2»NCLAS2 
CONTINUE 


DATA FOR THE TERMINAL TIMES MODEL IS PUNCHED NEXT. THE I.D. 
NUMBER IS 13 AND THERE SHOULD BE 11 CARDS; 


KID = 13 
WRITE(b»950) 

DO 820 I=lrll 

WRITE(7»936) KIO» NCTAP(I)» I» NSPAX(I)» NCPAXd)» MSRL 
WRITE(6»965) KID» NCTAP ( I ) » I »NSPAX ( I ) rNCPA-XTIT »li^5RL 
820 CONTINUE 


DATA FOR THE EFFECTIVENESS MODEL IS PUNCHED NEXT. THE I.D. 
NUMBER IS 14 AND THERE SHOULD BE 33 CARDS. 


" KID = 14 

_ WRITE(6»952) 

DO 825 1=1 » 11 

WRITE (6» 966) KID»I» (NPF(I»K) »K=1»11) 
825 WRITE(7»972) KID» L» (NPF ( I rK ) * K=1 * llT 
WRITE(6»955) 

DO 830 1=1*11 ~ 


WRITE(6»956) KID*I* 
830 WR1TE(7»957) KID* I 
DO 835 1=1*11 
” WRITE(6*953) KID*I* 
IMSRL 

WRITE(7»954) KID*I* 
IMSRL 

835 CONTINUE 

DO 840 1=1*11 
WRITE(6*967) KID*I* 
840 WRITE(7»968) KIO*I* 


(AFT(I*J) *J=1*11) _ 

* (AFT(I*K) * K=1*1I)‘ 

(KFREQ(I*J) *J=1*11) *NSPAX(ir*NCPAXTI) *NCTAPd) * 

(KFREQd* J) * J=l*llJ*RSFAXTir7NC:FAXd) *NCTAPd) * 

(NSFIJd*JJ *J=1*1I) *TNCFTJd*K) *K=1*11) 
(NSFIJd*J) * J=l*ll) * (NCFIJd*K) *K=1*11) 


DATA FOR AIRCRAFT COST MODEL IS PUNCHED LAST. THE I.D. NUMBER 
IS 15 AND THERE SHOULD BE 2 CARDS." “ “ 


899 


55 


KID = 15 
WRITE(7*937) 
WRITE! 6 *970) 
WRITE(7*937) 
WRITE(6»970) 


KID* NOl* NPIMl* NAVR61 
KID*N01*NPIM1*NAVRG1 " 
KID* N02* NPIM2* NAVRG2 
KI0*N02*NPIM2*NAVR62 


KRUNNO = 
CONTINUE 
60 TO 15 
WRITET6* 
END 


KRUNNO + 1 


935) 
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APPENDIX 4-A 


URBAN LAND VALUE MODEL 

The urban land value model has been tested in order to determine 
how well the model values compared with values obtained from independent 
observations. The relationships are shown in TABLE 4-A-l. 

For Los Angeles, the table shows that mean high for the independent 
observation is 19.5% above the calculated estimate, and the independent 
mean low is 1.7% below the calculated estimate. The Seattle data compari- 
sons indicate that the estimator calculations are low for the North, South, 
and East areas, but high for the West area. 

For Washington, D.C. the estimator is low 2.8 miles, high at 4.1 
miles, and varies with high and low estimates. 

From this table, we can see that the estimator equation gives 
values that are considerably lower than those obtained by actual investi- 
gation. 


¥ 
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TABLE 4-A^l 


APPENDIX 4-B 
PROCESS TIME MODEL 


4-B-I Constant Time 

The following table was used to determine the constant term in the 
process-time model: 


Function 

TIME 

Arrive 

(Min . ) 
Depart 

Totals 

ticket clearance* 



8 

8 

baggage check-in 

— 

2 

2 

baggage claim 

5 

— 

5 

board plane** 

10 

10 

20 


‘5^'Ticket clearance time of 8 minutes is based on a service rate of 1 person 

(with reservation) every two minutes and a waiting line of 4 people. 

‘5^*Board plane refers to both loading and unloading passengers 

35 

Constant term = average time = — = 17.5 min. 

4-B- 2 Time from Auto to Terminal 

A McDonnell Aircraft Corporation report presented a relationship between 
daily passengers (PAX) and size of parking lot area area (A^) needed: 

A^ = 0.1 PAX (280) Reference [2] 

Assuming a square parking lot, the length of a side (L) is: 

L = [0.1 PAX (280)] or * 3.97 p^O.5 

Also, it can be shown that the average parker in this lot must travel 0.75L 
to get to the terminal, therefore, the average parker' s walking distance (d^) is 
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= 0.018 PAX 


min . 


t _ - 3,97 PAX°'^ 

1 220 220 


0.5 


4-B-3 Time to Get to Correct Gate Position 

The McDonnell Report also developed a relationship for effective terminal 
floor area (A 2 ) based on the number of daily passengers: 

A ^-^27 ^^^ 0.798 
= e PAX 

Making the same assumptions as for the parking lot the passenger's terminal 
walking distance (d 2 ) is: 

^ ^ r 4.427 ^^^0.798, , 798. 0.5 

d 2 = 0.75 [e PAX J = 6.87 (PAX ) 


The time walking to the correct gate (+ 2 ) is: 

Q-7 /t,av0-798.0.5 

^ = 0.031 PAX 


0.4 


Combining these three parameters we get the total process time (PT): 


PT = 17.5 + 0.018 PAX°'^ + 0.031 PAX®*^ 


A plot of this relationship is presented below: 



TOTAL daily PA8SCN6CRS 


Figure 4-B-l 
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APPENDIX 4-C 


List of Symbols 
STOL Terminal Model 


Symbol 

Definition 

A 

Area of urban area in square miles 

X 

Distance from CBD to STOL port 

P 

Distance from S/CTOL to line denoting area of least 
distance to S/CTOL 

Ps 

Daily passengers at STOL 

Pc 

Daily passengers at CTOL 

Psc 

Daily passengers at S/CTOL 

C 

Conventional Airport 

CS 

Conventional Airport with STOL port 

S 

Independent STOL port 

4-C-l Access Distance 


Assume a particular city would have one of six airport cases (See 
Figure 4.4). These cases are: 


1. 

2C 


2. 

C 


3. 

CS 


4. 

CS 

+ S 

5. 

CS 

+ S + C 

6. 

S 



Further assume urban areas to be square. The C and CS ports are located 
at the midpoint of one of the sides. For simplicity, the S ports in cases 4 
and 5 are located on this line joining the C or CS port and the CBD. The CBD 
is assumed at the center of the square. 

Assume persons move in Y direction then in X direction in all cases. ♦ 
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4-C-l.l Case 1. 


1. Total persons north of CBD = 0.35 Pc 

2. " " south " " = 0.35 Pc 

3. " " in " = 0.30 Pc 

4. Y movement of persons north of CBD = 1/4L 

5. " " " " south " " = 1/4L 

6. " " " " in " = 0 

where L = A 

7. X movement of persons north of CBD = 1/2L 

8. " " " " south " " = 1/2L 

9. " " " " in " = 1/2L 

Weighted average distance to CTOL (0^) is: 


jj ^ 0.35 Pc (1/4L + 1/2L) + 0.35 Pc (1/4L + 1/2L) + 0.30 Pc (Ll/2) ^ ^ 

4-C-1.2 Case 2 . As in Case 1. 

1. 0.35 Pc 

2. 0.35 Pc 

3. 0.30 Pc 

4. 1/4L 

5. 1/4L Dc = 0.5L 

6 . 0 

7 . 1 /4L 

8. 1/4L 

9. 1/2L 


D = 0.35 Pc (1/4L + 1/4L) + 0.35 Pc g/4L + 1/4L) + 0.30 Pc q/2U 
c ^ 


0.5L 


4-C-1.3 Case 3 . As in Case 1. 

Distance to S/CTOL = Dsc = 0.675 L 
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4-C-1.4 Case 4. Ds = distance to STOL 


0 = 1/4L - 1/2X A = 0.7 (Ps + Psc)/A 

A' = Lp 

DSC = (pl/2 + LI/4) = 3 l/8 - X/4 

Ds = f r(llL^/16) + XL -I- 5X^/4J 0.35(Ps + Psc)/L + /X/0.3(Ps + Psc )) 
Ps + Psc + (A L^/4) + LXA/2 


4-C-1.5 Case 5 . 

Ds is as in Case 4; Dsc + Dc is as in case 2 


4-C-1.6 Case 6 , Ds is as Dc in case 1. 
4-C-2 Cost of Access 

Total cost of access for a city (Ca) is: 


N 

ca =Kj E T.P. 
1=1 


Where: = $16. 75/hr (See Section 4.2.3) 

= Passengers using port i 
0 59910 

= 9.156 D^ * = Hours to particular port 

= Average distance in miles to particular port 
N = Number of ports in city 


4-C-3 Land Cost 

Land Cost per acre (Cl) is: 


844(Pa/1000)^ ‘^°^A^*^^^ 


(lOX) 


0.867 


where: Pa = urban area population 


X = Distance from CBD to STOL port 
A = Area of urban area in square miles 




4-C-4 Cost of STOL Terminal 

By a search procedure, the point at which costs of structure, land, access, 
operations, and maintenance were minimized was found. This was done for a 
conventionally designed STOL port which is built on the ground; and a single 
monolithic structure which included terminal, hangers, parking and runways. 

The basic design was for a runway length of 1350 feet. If the runway 
was over 1350 feet the appropriate costs were proportioned. A STOL structure 
was considered only if one runway was needed. 
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If only one runway minimize: 

(1) K 2 Cd^+ K^Cl.l Ct^+ 60 Cl) + K^(Cn + Ca) + Fc 

(2) K 2 Cd 2 + Ct 2 + 1.5yd) + K^(Cn + Ca) + Fc 

using least value of the two equations as cost. Otherwise minimize only (2). 

Where: = Interest constant for design period 

= Interest constant for construction period 
= Interest constant for operations period 
Cdj^* 0.04 Ctj^ = Design cost of monolithic terminal 
Cd 2 = 0.04 Ct 2 = Design cost of conventional terminal 
Ct^ = Construction cost of monolithic terminal = 

(Psc + Ps-AA') 49 + $18,586,265 

Ct 2 = Conventional terminal = 

(Psc + Ps-AA' )63 + $2,343,930 

Lr = Length of STOL runway in feet 

y = Acres for terminal buildings and parking = 40 + 254 0 2 (P^+Psc-AA*) 

Ca = Access cost per year 

S830 

Cn = Yearly operations and maintenance costs = $300.00 + — (Ps+Psc-AA') 

Fc = cost of CTOL or S/CTOL facilities 
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APPENDIX 4-D 


Computer Printout of the 

CTOL - STOL Terminal Effectiveness Model written 
in the FORTRAN IV Computer Language. 


c * * * * THIS program has punch card output ****♦»*•***♦ 

c ■ 

C STOL - CTOL TERMI-^AL COST EFFECTIVENESS MODEL 

"c effectivtneSs version ~ * 

C DEVELOPED bY dash. MULLEN, AND KASHyBA 

~C programmed By dash "and LEFTWICH 
C for AE / me / EE 655-6 - COMPLEX SySTEMS DESIGN 

c' ■ ‘ 


c_ ^TME V«RIABLEJ_USE0 INJTNIS program aRE DEFINED as FOLLOWS - 

'c 

C A = area of city in square miles 

c“" AC = AREA SERVED SY TME CTOL tERMiNAL 

C ACT = BASIC CTOL AIRPORT LAND 

C' AK1 =’ compounded design COST FACTOR ( 2,?R9 ) 

C _AK2 = compou nded CONST RUCTION COST FACTOR ( 2,0l4 ) 

c“ ak 3 = CoMpouNt^ Operations cost Factor ( 13.972 ) 

c AL = side of city IN MILES 

‘c alFCR = total linear FEET oP CTOL RUNWAYS 

C AM = counter 

"C" ANSR = number OF STOL^RUNWAYS' * ■ ■ 

C AST = BASIC STOL AIRPORT LAND 

C^ ASTI = AREA rEQUIRECTToP ST 0 L‘ TE'RMImAC" ~ ' 

C AST2 = MINIMUM STOL_LAND AREA 

'c bl"= counter 

C CA = total ACCESS COSTS TO SToL TrRMINAL 

c CDi = oesis'n cost oP stoL terminal" ( CTl T 

_C_ CD2 = DESI6N CO ST OF STOL TERMINAL ( CT2 ) _ _ _ 

C CF = conversion factor - S^ARE FeET TO ACRES ( 43360) ' 

C CL = land cost for STOL TERMINAL 

’C CM = operations COSTOF STOL tERMiNAL 

C CTT = CTOL travel TIME 

C- CTl = terminal cost or STOL terminal and structure PARkInG 

C CT2 = t erminal COST STOL term inal aND GROUND PAR KING 

C DCP = daily CTOL PASSANGER DEMAND 

C DEN = OEnsITV^ OF POPULATION OF TRIpS ‘ 

C DS = average DISTANCE TO STOL TERMINAL 

'C DSP = DAILY STOL PASSANGER DEMaND ' 

c e = natural log base 


~EACT“=' 


AvAILABLETIT CTOC 


last = EXCESS land (AREA) AVAILABLE AT STOL 

^ - FC s CTOL' ANNUAL' COST FOMCTIOn -' tOTAL' 

FCA = CTOL annual COST FOR 1 OR 2 sTORY CTOL 
■ FCB = CTOL' ANNUAL' COST FROM SUBROUTINE TERCOS 
FCC = minimum COST OF CTOL TER MINAL ( 1 OR 2 STORIES ) 
FCtrs TMTNlMUFT COST OF SECOND CTOL T^MINAL'fCASE 57 

I = counter 

1A = AREA' OF CTTY IN square MILES" 


5_ 

'6 

7 

8 
9 

lO 

U_ 

12 

13 

14 

15 

16 
17 
16 

19 

20 
2l 
22 ' 

_23 

24 

25 

26 

27 

28 
29 

'3o" 

31 

32 

33 
" 34' 

35 

36" 

37 

38 

39 
■*♦0 

93 

94 " 

95 
'96 

97 

W 

99 

50 




m 
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c lACT = BASIC CTOL AIRPORT LAND 

C IATf“= BAsiC STOtTATRPoRT LAND " ' ' 

C ICASE = case number 

'c ICTC = CTOL'fERMlNAL COST 

c ID = identifier number 

c iDcP = Daily ctol passanser' dcmanD ' ' 

c lONO = identifier number 

‘C ID?F“=“DAilT STOL PA5SAN6ER DEMaTJD 

C 102 = identifier number 

C lEACT rXXCESS L'ANO (AREA) AVAILABLE AT CTOL 

C ItAST = EXCESS land (AREA) AVAILABLE AT STOL 

C ISATC = BRouND access TlMr AT CToL ' ' '' 

C_ I BATS = SROuND ACCESS TIME AT STQL 

C I6 PTS = SROuND process time at STOL 

"C ■ I POP' = city' POPULATION ’ " 

C IRLS = RUNwAY length of STOL RUNWAYS 

C 1STC '= ST0L TERMINAL' cost ' 

c J = counter 

C '■ jCASE = case number 

C K = counter 

c U ■=■ Counter 

c LFCR = total linear FEET OF CTOL RUNWAYS 

C M'r'COUNT'ER ' 

C N = counter (CITY NUMBER) 

C ' NA"'=~(riTY NUMBER 

C NA2 = CITY NUMBER 

C NSCT'= 'NUMbER OF 'StORIES in CTOl~ TErBInAL 

C NSR = number of STOL RUNWAYS 

'C P = SUM OF DSP AND DCP IN CA'SE '6 

C POP = CITY POPULATION 

■ C S' =“HCTr lEoNTAL' DISTANCE OF StOL pASSAWERS TO CTOL 

C RO = RUNwAY LENGTH OF STOL RUNWAYS 

C' 1RL5 = runway' LENTh' of STOL'RUnWAYS 

C SPAC = STOL PASSANgERS At CTOL TERMINAL 

C SPAS ■= STOL' PASSANGERS AT STOL tERMiNAL' 

C STT = STOL TRAVEL TIME 

C 'TACP = TOTAL annual "CTOL PASSENGERS 

C TCT = total COST MINIMIZING VARIABi E 

C' rCTl 'f TOTAL' COST FDNCtIO'N -"HIGH RjSE STOL 

C TCT2 = TOTAL COST FUNCTION - GROUND LEVEL STOL 

C TCT5 = 'MINIMUM COST OF TC'Ti and tCta ' ' 

C TCT4 = minimum STOL COST (CASE 4) 

C TDCP = TOTAL DAILY CTOL PAsSATiGEPS' ' 

C VA = average value OF TIME PER HOijR S16.75 

'c 'x'= "location op stol terminal from'the cbo " 

c _ . 

OTmBnSION IPOP ( 11)'»' IA'(ii)i 'NA” iCASE (11), IDSP (11), 

1 lOCP (11), IRLS (11)» RLS (11), ID (11)» FCA (H) 

DIMENSION iDa (11), NA2 (11 ), IaCT (11), Ia 5T (ll), lEAct (ll), 

1 lEAST (ll), NSR (11)» LFCR (11), TcT (100)» FCKlOO) 

COMMON TACP » SPAC, ANSR,' P0P» AL,ALFcB, ACT, EACT, NSCT» FCBT A ' 

DATA (IPOP (I)»I=1,11) / 2750000» 2o0000» 1450000, 1400p0, 

1 BOOOOO','liO'(jOB'# lOOOOoOO* 350000'*' 2TOOOO, 960000* TOOOoO / " 

DATA (IA(I) * 1=1*11) / 506* 27, I25* 31* 82» 53, 1030* 44* 

1 59* 144* 64 / 

DIMENSION 11(50*20)* 12(50*20)* I3(s0*20)* 14(50,20)* l5<50*20)* 
116(50*207,' 110150*20)* Ill(50*2o)'*' ll2(50,20Ii H3(50*2o)* 


51 

52 

53 

'54 

55 

56 

57 

'58' 
59 
- 60 ■ 
61 

-62' 

63 

64 ~ 

65 

66 ' 

67 

68 ' 

69 

'*'7o 

Tl 

72 ' 

73 

T4 

75 

'76 

77 

Ts' 

79 

• - 8o' 

81 

B 2 

83 

"84' 

85 

86 ' 

87 

88 
89 

" 90 

91 

92 

93 

■"P4' 

96 

97 
99 

' lOo 
101 

103 

104 
' IO5 

llO 

'111 

Il 2 

- 113 " 
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2114(50»20), I15(50>20)» U6(50t20)> I17(50»20) 

(>0 1000 J=l»9 

KEAO ( 5» 3>(I1(J»1)» I2(J*I)» I3(J.I)» I4(J»I)» 

"“lierjri ) , i=iViT r ^ 

1000 (CONTINUE 

ljO"' 2600 ' J=f »9 

HEAD ( 5r22> ( I10(J»1)» il2(J»T)> Il3(J»l), Tl4(JtI)r 

jll5(j,l,, ) 

2000 (CONTINUE 

^ 

C «EAD INPUT DATA FROM ROUTE MODEL 



UO 740 IREP = 1»9 

WRITE I 6, 1) IREP ~~ 

1 FORMAT ( iHl» 40H INPUT DATA TERMINAL EFFECTIVENESS MOnEL / 

1 IIH rTERAflONS r 15 ■/?' > 

UO 20 J=l,ll 

iD(J» 'S inrREPfJJ 


ICASE(J) = I2(IREP,J) 

NAT;n-= i3(iREP»j) 

lUSP(J) = I4(IREP.J) 

1 DCP Ur ='i 5 f IHEP i JI 

IRLS(J) = I6(IREP»J) 

c 2 read ( 5V ' Si ENOriV ) rorjr» iCEsErj) / NArjr» iT3SPrj)7'i^^ 

C 1 IRLS(J) 

3 format ( I2>2I3> I12» I20> 110 ) 
c 

c WHERE To’ ■= ’INPUT iOE’NTTPTER'NU'^^^ 

C ICASE = CASE NUMBER 

C NA = CITY number 

c iDsP = number of stol passansers ( daily ) 

C IDCP = number OF CTOL PASSaNOERS ( DAILY ) 

c iRJ,s._. = runway length of SToL 

^ . 

c 

C check iNPu’f’DATA 'FpOH'ROufE model ‘ 

C 

IF ( J - NA(J)) Ui n 

4 IF (IO(J) - 13) H» 5* 11 


5 IF TNAtJl-il I -6» 6. ir 

6 IF (NA(J)) li» H, 7 

7 IF ricrA5E( jr-6‘7 ■ sr' ‘a’, ’ ’ir 

8 IF (ICASE(J)) 11» 11» 9 

9 IF (IRLSCji) 11. — TT^ — To — 

10 IF (IRLS(J)-1350 ) 14» 15» 15 

11 WRITE ( 6', ’’12 'r NArJJV ID’( J) 

12 format (29H ERROR IN INPUT DATA . ClTY » 12 /27 h PROGRaM TErMJNa 
lED TN read /37H FOrTTOn OF TERMINAL MODEL’ INPUT ID = »’ i2”y 

60 TO 750 

14 KL5(J)= 1350. 

WRITE < 6, 17 ) IO(J)» ICASE(J), NArJ)r IDSP^U) » 1DCP{ J) . ZRLs(J) 

60 To' 20 

15 RLS(J)= IRLS(J) 

strite’ r’6’/’r7'T iDijyy icAsE(j’) r'NA’t'J) r iosF<j)’yfDCPcj). iRL’sijr^^^ 

17 format (IH » I2» 2I3» I12» I20» IlO ) 

20 CONTINUE ^ 

C 

’C READ INPUT DAT’A FRoM’ CONTROL’ MOOEL 



-"H5-^ 

116 

117 

“127 
•13o 
i3r 
134 i 


I 


rs5 

136 

TT-T 

139 

’X40’- 

141 

142- 

1»3 

144 

145 
146 ” 
147 

’TAB’ 

149 

155 

’X6o’ 

161 

1 - 62 ” 

163 

164 
165 
TTo 
17 l 
TTP 
175 

’W 

177 

T 78 ’ 

179 

186 

45i- 

185 

’T86 


•1 


% 
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o’oo; I { j loo'o [ I ! : I ; o o o o o,o o- o o o o,o 


c 


187 

“I9o 


IW “40“K=r»lI - 

1D2(K) = IlO(IREP»K) 

■■NA2{Ky'=iiicrRep»Kr 

IACT(K) = I12(IREP*K) , 

lASTCKy =' I13(1RE^P,X) 

iEACT(K) = I141IREP»K) 

rcASm) = tl5T iREpTTO 

LFCR(K) = I16(IREP»K) 

NSRYKr = lire iREP,Kr ' 

c 21 READ ( 5r ZZ> ENO= 39 ) I02(K)» Na 2 (K) » lACT (K ) » lAST(K) » lEAcT(K) 
C" iIEASTrK)f lFCRTK)» NSRtX} 

22 format ( I2» I3» SllOr 13 ) 

WRITE r^r23“l TD2TXrr TJA2«K), IACt«X1* TKSTTKt , IMCTilTJ^ 

1 lEASTlK), LFCR(K), NSR(K) 

23 FORMAT V Th V r2» 13i SIlOr iT j 

WHERE ID15""= IHPUT IDENTTFTER NUMBER " 

NA2 = CITY number 

= BASIC XTOt AIRPORTXAnD 

lAST = basic stol airport LAnO 

— TEACf = EXCES'S ETX»L AWORT LaND 

lEAST = excess stol AIRPORT LaNO 

LFCR •■=■ TOTAL' LTNEAR FEET OR 0^01." 

NSR = number of stol runways 

CHECK INPUT data FrOM CONTROL__MqDEL 

IF ( ID2IK) - 23 ) 39» 24» 39 

24 IF TnA2(K)- IT y ' Zbi "Ze* 39 

26 IF ( NA2(K))39» 39» 28 

2T^F"T~I^CT(K)) 39^ 507“ 30 

30 IF ( 1AST(K)) 39» 32» 32 

'32“ iF ( I'EACtYKTr '39“7‘ 34»' 39 

34 IF ( lEAST(K)) 39, 36» 36 . . 

■'36 "IP ( NSR <K))' 397"" 38," 38 

38 IF (K - N A2(K)) 39* 40> 39 

39 WRITE t 6, 12 ) NA(K)» I02(K) 

00 TO 750 

'40'TCONTINUE 

ESTABLISH VALUES TJF CONSTANTS 'UsE'O'TN THIS PROSKAM 

VA a 16.75 

AKl = 2.399 

AK2= 2.014 

AK3 = 13.972 

E = 2. T 18282 

CF = 43560. ^ 

WRITE ( 6, So J ■ 

50 lH.l.»..12.H..0.yTPUT DA^ 

INPUT data CHECKINS complete - 

DO 740 N = l»ll • 


C establish values OF INPUT VARIW^^^ EACH CITY 


195 
-- 196 
197 
“198“ 

199 
■ EOO 

200 

'20i 
202 
““203“ 
204 
“■"205 
206 
■■ ZO7 
208 
— zro" 
211 
---212 
215 
“"22o" 


225 

“23o" 

235 


*^24o 

245 

■ 25o 

253 

254 

255 
-236" 

257 

"25b' 

259 

-2ST 

262 

263 


264 


285 
266 ! 
^bT 
266 
27o 

275 
T7T 
277 I 
278" 


I 


s 


235 




POP = IPOP (N) 



285 



A = lA (N) 



29o~ 



AL = SORT (A) 



295 



%(CA?e = 1 ca 5¥ TRl 


• 

30o 



USP = IDSP (N) 



305 



Otp = IDCp InJ 


‘ 

3Io 



RD = IRLS (N) 



315’ 



ACY = lACT (N) 



32o“ 



AST = lAST (N) 



325 



eACf = lEACT (NJ 



33b 



tAST = IEAST (N) 



335 



AnSR = NSR TnI 



34b 



ALFCR = LFCR(N ) 



35o 

c 





«TOb“ 

c 


SELECT TYPE OF CALCULATIONS BASED ON 

CASE number 

40i 

c 


WHERE 



- 402" 

c 


CTOL AIRPORTS StOL 

airports 

403 

c 


CASE 1 ^ 


g 

404 • 

c 


CASE 2 2 


0 

405 

c 


CASE 3 1 (WITH STOL) 


0 

40^ 

c 


CASE 4 1 (WITH STOL) 


1 

407 

c 


CASE 5 i ll^lTH STOD 


i 

' - ^oa" 

c 


1 (WITHOUT STOL) 



409 

c 


CASE 6 0 


-J- 

— -41o' 

c 





41i 



00 TO ( 100» 200* 300» 400» 500t 60 q 

) 

» jCaSE 

^5 

c 





lOOo 

c 


C7(St 1 - CAC.C(3LATIo^^ 



-iwi 

c 





1002 


loo 

TACP' = DCp • 565. ♦ • 365, 



IW3 



SPAC = 0. 



IOO4 



ansr = 0, 






00 120 NSCT = 1»2 



1006 


110 CALL TERCos 



md' 



FCA(NSCT) = FCB 



lOll 


0 

<M 

c'ontinuet 



lUl5' 



IF { FCA(l) - FCA(2) ) 125. 125, 127 



1016 


125 FCB = FCA(i) 



iW 



eo TO 129 



1018 


127 rCB = FCA(2) 



ldl9' 


129 

FC = 16, * FCB 



1020 



ibats = O' 



i03o 



TDCP = OCp + DSP 



1035 



ISATC =(0,l5& * '( 0.675 * AL ) ** Q, 

•5991 )) * bo. 

“T54d~ 



lePTS = 0 



l05o 



IBPTc = 17.5^ ♦ 0.018 • (SQRTrfDcP) )♦ 

0. 

rosi iiTOcP •* e; 4 y 

1660' 



ISTC = 0 



1070 



irrc = PC 



itfSd 



60 TO 700 



1090 

t 





2000 

c 


CASE 2 - calculations 



2001 

c 





2002 


200 

TACP =(OCp / 2.) * 365, + (OSP / 2.) 

A 

365, 

2003 



SPAO = 0, 



2004 



ANSR = 0. 



2005 



"DO ZZO NSCT = 1»2 



2006 



CALL TERCOS 



2010 


; "FCA'(T»5crrv auii 


236 



220 CONTINUE 


2013 


IF ( FCa(i) - FCA(gn 225» ZSSr~iS7 ^ " 

225 FCa = FCA<i) 


2014 

2015 


eOTO “229 * 

227 FCb = FCA(2) 


2016 

2017 


229“C0nTIWE' 

FC =(2* * FCB) * 16* 


2018" 

2020' 


ISAT5 = 0 “ 

XGATC =(0,l56 * H 0»5 ♦ AL ) ♦* 0.s99l )) * 60* 


203b 

2040 


IQPTS“=“(J 

TDCP = { OCP + OSP ) / 2. 


205b 

2055 


IBPTC ^ 17,5 + OV011i *“fSrQRTlTO'cP)T+ OV03r*lTDCP ** 0.4 

ISTC = 0 

) 

2060 

2070 


ICTT = FC 

60 TO 700 


2080 

209o 

c 

c 

case 3 - CALCULATIONS 


3000 

3001 

c 

300 TACP = DCP * 365. 


3002 

3010 


5PAC = DSp ~ 

ansr = 0. 


~ 3 OT 5 
3017 


00 320“N5cf ='T;? : 

CALL TERCOS 


302b" 

3030 


TCA'OQSCrirFCF 

320 CONTINUE 


S03i 

3032 


IF (FCA(1) - FCA(2}) 325# 325t 327 
325 FCB = FCA(i) C 


3 0 33 

3034 


SO TO 329 “ 

327 FCB = FCA (2) 


3035 

3036 


'329' CONTINUE 

FC = 16, * FCB 


3037 

3040 


IGATC =(0,i56 * M 0.675 * AL ) ** o»5991 )) • bfi; 

I 6 ATS = ISATC 


305b 

3055 


TOCP =“DCP ♦ D^P" 

I 6 PTC = 17.5 ♦ 0.018 * (S 8 RT(TDCP))+ 0,03l*(TOCP ** 0.4 

) 

3057 

3 O 60 


I3PTS“s“l6prc 

ICTC = FC 


3065 

307o 


ISTC = 0 

60 TO 700 


3075 " 

3 O 80 

c 

c 

c 

case 4 - CALCULATIONS 
400 X= -(AL / 2.) 


4 00 0 

4 00 1 

4 00 2 
4 OI 0 

— «05 L = 0 
410 U = L + 1 


4 OI 5 

4017 

-- 

Q = AL ^ 4 , - X'7 2 
WRITE ( 6. 412 ) X* L 
'4X2 T0RMAT“(“4H X s V F8V2V 4H t s , Ts ) 
AC s Q * AL ■ 


402b 
CHECK 3 
CHECK 4 

4025 

(• ^ 

UC = (0.375 • Al ) -tX / 4.J 

OEN = 0.7 * DSP /A 


433b 

4035 ! 

1 

L. 

• SFAO“=“D£N“*“Ar 

SPAS = DSP - SPAC 


4040 

4045 

[ 

0^ £(T(0.68T5) * TAL ** 2,T ♦“(X * ALT ♦ ( 1.25^ • T AL 

1*((0.7 * DSP) / ( 2. ♦ AL)) ♦ (ABS (X) ♦ 0,3 * DSP)) / 

**“ 2 vn^ 

c OSp ♦ 

405o 

4055 

1 — 

2 ( DEN * aL * U ) ) 

STT = 0.156 * < ABS(DS) ** 0.5991 ) 


4060 

4 O 65 


CTT 5 0.156 ♦ T ABS TDC) ♦* 0.5991 ) 


407o I 

i 


2 37 


o no 


Ca = VA ♦ (( CTT ♦ 5PAC ) + ( STT * SPAS)) 7 408o 

CN = 300000, +(51,87 * SPAS) ' ' 4^5 

IF (ANSR - 1,) 422 » 420 » 422 4090 

420 SPAS '*''49. ) ♦{18506265," • ' 4O95 

CD! = 0.04 *_ CTI ... . 4IO0 

' 422 CONTINUE •' ‘ ‘ 4IO5 

CL = {( 844, • {( POP / 1000,) *• 0*309)) ♦ A *• 0,97i ) / 4H0 . 

"iKdo. ♦ abs() 0) ** 8.867) ♦ o,oooooTn: y 4115 

CT2 = ( SpAS * 63.) +(2343930. * RO / 1350. ) 4l2o 

CD2 = 0',d4 • CT2 4125 

ASTI = ((28* ♦ SPAS) +((E 4, 42686) • (SPAS •• 0,798))) / CF 414q 

IF < ASTI - EAST )■ 440, 440* 443" 4145 

440 AST2 = AST 4l5o 

— BO T0'450 "4^35- 

443 AST2 = AST ♦ ASTI - EAST 4157 

- jp i^ -jc^vSE -i' 51 ■ 444> 520V 444 4I60 

444 TACP = OCp ♦ 365. 4I61 

00 445 ■ NSC"f ' r ' T , 2 4162“ 

CALL TERCOS 4163 

FCA(NSCT) =“PCB 4164' ' 

445 CONTINUE 4I65 

IF (FeA (l) - FCAT2) r 446V 446V 44')^ 4l6"6 " 

446 FCa = FCA(i) 4I67 

“ SO TO 448 “ 4168“ 

447 FCB = FCA (2) 4l69_ 

448 CoNtHsTOE^ 4IT0 

FC = FCB « 16, _ 4l7l 

450" IP (ANSR V. 1.) 456V 452* 456 ' " 4173" 

452 TCTl = (AKI * COD * ( 1^1 ♦ CTl + 60. ♦ CL )) ♦ (AK3 * 4175 

1 ( CN ♦ CA )) +PC ■ 4I80' 

456 TCT2 = ( AKl * CD2 ) + AK2 *(1,1 * CT2 + 1*5 * AST2 ♦ CL ) ♦ 4I85 

1TSK3 * ( CN + "CTT")) + FC ■ 4T9o 

IF ( TCT2 - TCTl ) 464* 464* 458 4195 

458 "IF ( TCTi'T‘464* 4'64'*''46 o 420o 

460 TCT3 = TCTl 4205 

GO TO 468 * 4210“ 

464 TCT3 = TCT2 4215 

468 TCT(L1 = TCt3 422 q 

FCKL) = FC 4225 

* ^L" = L" 4230' 

472 X = X + 1, 4235 

IF T en.“-“A(: y""410 V 4I0 * 476 "424o ■ 

476 CONTINUE 4245 

“ TCT4 = TCtiH 425a“ 

AM = 0* ...... 4251 

FC" = FC1(d ' “ 4253* 

00 484 M=2,L 4255 

IF CTCT^ - TC T f MT ) 484 V 4a4* " 480 ’ 426o 

480 TCT4 = TCT (M) 4265 ' 

RT= FCKM) 4257" 

AM = M - 1 427q 

484 "CONtiNU'E 4286" 

4285 

CALCULAfiON OF output DA"T"A 429o ' 

4295 

)ra -( AL / 2*) A« ^ 4306 "i 

a = AL / 4. - X / 2, 4305 

AC="ff"*"A‘L ' 431o‘ 


238 



OC = ( 0.375 • AL ) - ( X / 4. ) 


4315 


" DEFT =nj rr » DSP / A 

SPAC = DEN * AC 


4320 

4325 


SPA? = OSP - SPAC 

OS = (( 0,6075 • ( AL M 2. ) ♦ ( X • ) ♦ ( 1.25 * , AL ** 2. 

4330 

4335 


1 )) ♦ C{ 0.7 • OSPy / r 2, * ALVl ABSrxl * 0.3 

2 DSP ( DEN * AL * Q )) 

* DSp )) / C 

■434 o' 
4345 


iQATS =(0,156 * 1 ABScDS) ♦♦ 0.5991 )) *60. 

I6ATC =(0,i56 *(<(DC * SPAC ♦ 0,575 ♦ AL ♦ DCP ) 

/ ( oCp ♦ SPAC 

435o 

4355 


1 ) ♦♦ O.S99I )") * 60. 

IGPTS = 17.5 + 0.010 * ( SORT ( SPAS ))^. 0,031 * (SPAS 

♦♦ 0.4) 

456o 

4365 


TDCP s CTCp + SPAC ' ' 

ISPTC = 17,5 + 0.018 ♦ (SQRT(TDCP) 0,031 * (TDCP 

*♦ 0,4) 

4367 

43?o 


rCTC"=TC 

ISTC = TCT4 - FC 


4375 

438o 

c 

60 TO 700 


440b 

5OO0 

£ 

C 

CASE S - e"AL(^t:ATION? 


500 1 

5002 

c 

c 

case 5 FOR 5T0L 15 THE SAME AS CASr"^ 

EXCEPT FOR CTOL TERMINAL COST - 

500 60 TO 400 


5003 

5004 

5005 
5OI0 

no; 

CALCULATIONS FOR CTOL TERMINAL COST 


5CIi 

5OI2 

C 

520 TACP = (DCP / 2.) * 365. 


5ffl3 

5020 

c 

c 

CALCULATIONS FOR CTOL TERMINAL WITH STOL RUNWAYS 


5^25' 

5030 

c 



5040 


DO 540 NSCT = 1»2 


5095 


CALL TERCOS 
FCA(NSCT) = FCB 


5050 

5055 


540 CONTINUE 

IF (FCA(l) - FCA(2)) 550, 550, 560 


5O60 

5O65 


556 FCC = FCA(i) 
60 TO 570 


507o 

560 FCC = FCA(2) 
570 CONTINUE 


5O0Q 

5O85 

C 

C 

CALCULATIONS FOR CTOL TERMINAL WITHOUT STOL RUNWAY 


5D9b 

5095 

C 

SPAC = 0, 


5IO0 

5105 


AN5R = "O'; 

DO 580 NSCT = 1»2 


5110 

5X15 


XALL TERCOS 

FCA(NSCT) = FCB 


5T20 

5125 


500' CUNTINOr 

IF (FCA(l) - FCA(2)) 590, 590, 595 


5X3o 

5135 

c 

590 FCD i' FCA(i) 
60 TO 596 
■59Sr'FCD" 2 TCA (2) 


5i9o 

5145 

'5150 

5155 

C' 

c 

ADD COSTS fOr TITC CTDI. TERMINALS ANq RETURN TO CASE 4 

5I60 ' 

5165 i 

\ 

596 FC ^ (FCC ♦ FCO) * 16. 
ANSR = NSR (N) 


517o : 
5172 i 


60 TO'WO 


5rr5' j 
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c 


600q 

jo O 

6 CALCULATIONS “ 

~mr 

6002 


6'do P” = 05P ♦ dCP ■ 

CT2 = (63, • P ) + ( 2343930, • RO / 1350, ) 

601 0"‘ 
6020 


CD2 = 0,04 ♦ CT2 
US = 0,675 ♦ AL 

'6030 

6040 


tA S VA * '( 0,156 * ( AB5(05)**0*599l) * P > 

CN = 300000* ♦ < 51*87 * P ) 

6TI50' 

6060 


CL 'r T S44, • Tt TPOP / T0W*'y ** '(j;i50^ T • T y) -/ 

iK 5, * Al ) 0,867 ) 

ET s 2*71828 

ASTI = (( 28, * P ) ♦ (( E •• 4,42606 ) • ( P *• 0.798 ))) / CF 

6075 , 
607iJ 

6ireoi 

6090 


IF (ASTI - EAST ) 620* 620* 625 
620 AST2 = AST 

6l00 

6il0 


60" TO 630" ■ 

625 AST2 = AST ♦ ASTI - EAST 

'6Ko 

6130 


630 TCT2 = (AKl * CD2) ♦ AK2 • <1.1 ♦ CT2 ♦ 1,5 • AST2 • Cl ) ♦ 

6Wo‘ 

6150 


1 AK3 ♦ (Cn ♦ CA) ^ 

TCT4 = TCT2 

~6l50 

61Tq 

c 

c 

calculation of OUTPUT DATA 

"Wo 

6190 

c 

IGATC =0 

6?0"0 

6210 


leATs =(0,l56 ♦ n 0 #b ♦ AL ) )) * 6o» 

I6PTC = 0 

“62?0 

6230 


I^PTS - tT.S" ♦ O.OlA * (SORTI P H+ 0.03TI • T P *• 
ICTC = 0 

6240 

6250 


I5TL = TCT4 
SO TO 700 

6265 

6270 

c 

c 

OATA OUTPUT SECTION 

tooo 

7001 

c 

700 lONO = 34 

7U02 

7003 


WRITE ( 6» 7ol ) IDnU» "I5TaT5» ISPTJ, X®ATC» I6PTC» W»XReP 
WRITE ( 7, 702 ) IDNO* ISATS. IgPTS, I6ATC. I6PTC. N» IrEP 

"7W 

7015 , 


701 FORMAT ( IH . I2» I4» 4I5r 49X» 15 ) 

702 FORMAT ( I2» I4» 4J5 » 49X» 15 ) 

7(»20 i 
7025 1 

t 

c 

WHERE lONO = identifier NUMBER (34) 

■?IT3-0‘ 

7031 

c 

c 

TSAt's = srouno «ctess tXME to stoL ( y 

I6PTS = 6R0UN0 PROCESS TIME At STOL ( MIn ) 

7032‘ 

7033 

c 

c 

i6atc = srOund access time to CTOL ( min j 
I6PTC = 6R0UN0 PROCESS TIME At CTOL ( MIN ) 

“7034 

7035 

t 

c 

ti = TITy number ' 

7036 

7037 

740 CONTINUE 
750 STOP 

"7Wo" 

7050 

( 

END 

705i . 

N 


2h0 


o o 


SUBROUTINE TERCOS 9OO0 

~Z OODV 

c this subroutine computes the ctol Cost for the ctol - StOl 9010 

,c ^FFECTI\irENES¥AWCTJSTM 05 £LS 901 s' 

!C 9020 

. 9025 ' 

C 9030 

CONVERT Variables in common for use in subroutine tercos 90 T 5 

9040 

IFLAS s Nscr 9045 " 

TAP = TACP 905o 

F = T» 0 P ■ '9055' 

RUNL = ALFCR 9O60 

T5P = SPAC : 9065' 

TOA = ACT 90 ?o 

NO = AN 5 R ‘9075' 

ELAND = EACT 9O80 

AR = A " ' 9083 ' 

C 9O85 

C WHERE ■ 9090- 

C IFLAS IS number OF STORIES IN TERMINAL BUILDING 909 s 

c tap IS Total awnuae PASSENGERS using * ctol terminal, may ' 9100 


2U1 


c INCLUDE STOL PASSEnSERS 

c ^ IS 1985 ur6an area Population =- 

C RUNL is total runway lengths from control group in pEET 

c rsp ' IS TorAL -O^ILY STOL^^'W^ 

c toa is total area from control group in SQ ft 

C NO rs NuHBEf^'OF STOi:" runways 

C AL IS LEnSTH of side of the cit y in miles 

c E:LaNo ts the excess land provided by control — GROUP — X W F T 

c 

^ - 

C calculate land value in 1969 DOLlARS PER SQUARE FOoT 

C R IS^ 'THE ‘D'lSTANCr' FROW CHO ■ tO'Th^: OTOL 

c 

R2 AL/2, 

PRICE =((84^. *<P/10000.)**.309*AR**,971)/(10.0*R)**,867)/1.a7 

PRICE‘S pRlOr/43560’.O . 

C 

t' CHARGE number ' OF-^TOL - RONSWYE’ ' TO' pEOTJTIlW PT 

C 

FN = NO 

C 

C CALCUUA'Te "fYPl^AU'-p-EAX-WUR ' PAsSrNS^^^ 

c 

IF (TA'P'/GeVZOOOOOOO , OT ’ TPHP 

IF (TAP, GE. 10000000,0. AND, TAP, LT»20000000.Q) TPhPsTA P* 035 

IF (TAP, GE, 1000000.0. and. tap, LT.IOOOOOOO.O) tPhP=TAP**040 

If (TAP. 6E. 500000 . O. and. TAP, LT. lOOOoOO.O) TPHP=TAP**050 

IF ( f A'p , GE . i d 0 d 6 0 , d . A nd f apVl T iso O 6 b 6 V 6 ') TPhP =T AP* * 0'6'5 

IF (TAP, LT. 100000.0) TPHP=TAP*.120 

- 

c CALCULATE COSTS FOR BUILDINGS ANn RUNWAYS 

C PARKING 

C 

CPARK = 26.72 *TPhP 

c terminal 

c — 

CTERM = 940,5 * TPHP 

-- 

C RUNWAY PAVING 

^ CRUN = ,46» * ( RUNL* 200,0 ♦ runi » 75.0Fie00O00.0»TpHP/eo0Q. | 

C COST OF STOL RUNWAYS IF NEEDED 

--- 

9STPL= ( FN* 1 50 0000 , * ( , 04*2 , 399 +1 . 1 *^.014 > ♦ ( 20 00 0 0 . +430 , *TSP/J,6 , ) 

1*13,972 ) / 16, 

C 

"C NOi L0(>K at land COSTS 

C land FOR PARKING LOT IN SQ FT 

^ - . „ 

ARl = 1,3 * 2S0,0 * TPHP 

_C LAND FOR terminal BUILDING IN'SQ pT 

Flag = iflao 

AH2— !lIl-ao';0'/'FLTOy*'TPHP 


9105 

~ 9 iir 

9115 

9120 

9125 

" 9 l 3 o' 

9135 ’ 

9140 

9145 

9l3b 

9155 

" 9 r 66 

9165 

91 7 o 

9175 

9 Mo' 

9185 

' 9r9'0' 

9195 

“ '9200 
9205 

■ 921b 
9215 

■ 9 ^ 2 b 
__ 9225 _ 

9?5 o 

9235 

■"9240 
9245 
925b 
9255 
9260 
9265 
■ 92 rb 
9275 
~ 928 b' 
9265 I 
9290 
9295 

'950 0 ■ 
9305 1 
95 Io 

9315 

~932o 

9325 

■ 933-0 
9335 
■ 9340 ■ 
9345 
“9350 
9355 
936b 
9365 
■ 93rb' 
9375 ( 
“93flo i 

9385 ' 

939b 


2U2 


c 


9395 

c 

LAND FOR ‘5T0L — RUNWAY IF NEEDtU 

9900 

9405 

c 

■ /AR3 =TW * 260Tj;tr * ^oo.o 

— 94Iq 

9415 

c 

c 

COMPARE land 'TO 4?TRa AV*itASLE ■ 

94Po 1 
9425 


AE = .75 * ELAND 
AB = ARl +AR2 ♦ AR3 

9430 

9435 


OTP = OVO 

IP(AB.eE.AE) OIF = AB - AE 

" 944o 
9445 

c 

TTOA = tOA ♦ OTP 

94Eo 

9455 

c 

c 

calculate Land cost 

9«»60 

9465 

c 

■TLCOS ^"TTOA ♦ PRICE * VIO 

947o 

9475 

c 

■■ CALCULATE 'TOTAL COST ■“ ' 

9485 

9485 

c 

TC05T = CPaRK + CTERM + CPUN + cSTOl P PLCOS 

9490 

9495 

c 

■" CONVERT TOfAt'VOSrTO VARIABLE USED TN'THr WAIN PR06RAH " ^ 

950'o 1 
9505 


FCB= TCOST ' 

RETURN 

951b 

9515 


SND 

952o 
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APPENDIX 4-E 


Computer Printout 

Cost Version of The CTOL and STOL Terminals 
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APPENDIX 4-F 



Parametric Terminal Cost Analysis 
List of Symbols and Assumed Values 


Symbol 

Definition 

Assumed Value 

A 

area 


A/C 

aircraft 


a 

angle of sector 


BAG 

number of bags/type passenger 


^AC 

total annual cost of A/C apron 


^BAG 

total annual cost of Baggage System 


"d 

total annual cost of double track 


C 

P 

total annual cost of Parking Structure 


Si 

total annual cost of Parking Lots 


^RD 

total annual cost of Internal roads and ramps 


^rds 

total annual cost of roads 



total annual cost of terminal building 


^tun 

total annual cost of Subterranean Stations 


CA 

2 

construction cost of aircraft parking/ft 

$5/£t^ 

CDT 

construction cost of double track 

$1, 288/ft 

CLB 

construction cost of conveyor/ft 


CPL 

2 

constructions cost of parking lot /ft 

$2/ft^ 

CPS 

2 

constructions cost of parking structure/ft 

$6.50/ft^ 

CRD 

construction cost of Roads 

3 

$138.4 .10 /Lane -Mi 


(1) bituminous concrete 

(2) Portland Cement concrete 

$1,037 .10^ /Lane -Mi 

CRFmi 

Capital Reduction factor = ^ ^ 
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Symbol 

Definition 

Assumed Value 


where m (first two digits) = expected life 
time years (20,15) 

i (last two digits) = interest rate (10) 


CRP 

2 

construction cost of Ramp/ft 

$10,73/ft^ 

CSORT j 

construction cost of sorter of capacity Q 


1 

CST , 

construction cost of subterranean station/ft 


CTL 

2 

construction cost of terminal building/ft 

$6.27/ft^ 

CTUN 

construction cost of tunnel/ft length-ft dia. 

$25.58/£t-ft. 

DT 

diameter of Tunnel (ft) 


ELV 

ft elevation (average) 


f 

fraction of loading area on ground level 

0.5 

FL 

number of floors 


FLT 

number of flight storage areas 

3 

g 

number of sorting decisions for type sorter 

2,3 

GSF 

geometrical shape factor 


1 

j 1 

( 

1 

maximum number of sorting levels were flow rate 
can be kept at maximum rate of Q 


LAN 

number of lanes 


LB 

length of conveyor belt [complete (ft)] 


LRD 

length of road/lane 


LS 

length of station 

200 ft. 

LT 

length of tunnel 


N 

total number of sorters in system 


n 

number of sorting levels 


n 

I number of stations 

6 

OA 

annual operating cost of aircraft apron 

$.75/ft^ $0.75/ft^ 

ODT 

annual operating cost of double track 

$. 75/ft $0.75/£t 

OLB 

annual operating cost of conveyor system/ft 


OPL 

annual operating cost of parking lot 

$.50/ft^ $0.50/ft^ 
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Symbol 

Definition 

Assumed Value 

OPS 

2 

annual operating cost of parking structure/ft 

$.50/ft^ $0. 50/ft 

ORD 

annual operating cost of roads 


ORP 

annual operating cost of ramp/ft length-ft de- 



viation 


OST 

annual operating cost of subterranean Station 


OTL 

2 

annual operating cost of terminal building/ft 

$l/ft^ 

OTUN 

annual operating cost of tunnel /ft length-ft. dia 

$1 ft-ft dia. 

PAX 

typical peak hour passengers expected for a 



particular airport 


PIC 

number of baggage collection points 


PL 

price of land (dollars per acre) 


PR 

packing ratio 


Q 

sorter capacity 


RMP 

(ft of ramp/lane) (LAN) 


WS 

width of station 

185 ft. 

Z 

fraction of PAX using Rubber Wheel 

0.98 for national 


transportation 

average 
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4-F-l General Cost Model 


Parking Lots; 



PAX(1 .3)280 
3600 


[CPL(CRF2010) + OPL + ] . 

4.356 X 10 


Where : 

TPHP = 3600 
1.3 car spaces/TPHP 
2 

280 ft /car space 
4.356 X 10^ ft^/acre 

.10 = CRF for land at 10% interest (20 year life). 
Parking Structures: 

C = PAX(1.3)(280) [CPS(CRF1510) -h OPS] . 

P 

Where there are 
TPHP = 3600 
1.3 car spaces/TPHP 
2 

280 ft /car space 

Roads: 

Crdg = (LRD(LAN)(CRD(CRF2010) + ORD) + 

RMP(ELV)[CRP(CRF2010) + ORP)] . 

Terminal Building (except baggage handling system); 

“ ’’'^600^'^ * [CTL(CEF2010) + OIL + ' 

Where 

TPHP =3600 
319.6 ft^/TPHP 

1.2 implies 207» extra land for roads, etc. 

4.356 X 10^ ft^/ACRE 

Cut and Cover tunnel cost (for open apron only) 

C = (LT)(DT) [C^ (CRF2010) + OTUN] . 

tun tun 

Double track in tunnel (open apron): 

Cd = (fHo) (^) [CDT (CRF2010) + ODT] 

3600 TPHP/terminal unit 
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2 = since only double track costs are known a single 
track cost is approximated by using double track 
for 1/2 the tunnel length. 


Subterranean Station (open apron; less tracks): 


^sts “ ^Itoo^ [(LS)(WS)6][CST(CRF2010) + OST] 
3600 TPHP/terminal 

6 gate positions or stations/terminal. 


A/C Apron Cost (less packing and terminal area; includes geometrical 
shape factor and equipment and service vehicle areas: 


where there are 

2 2 
60,000 ft /A/C parking area (200 x 300 ft each) 

200 TPHP/A/C 

3600 TPHP/terminal 

1.1 = 10% excess land for A/C access to apron area from 
taxi ways. 


^RD = [.40(.52)(2)(20)] + 0.4(1.5)(20) 

+ (0.22)(5)(40)[ ( 12)[CRD<C^2010) 4 ORD] < f ) 

+ (1-f )(12)(CRP)(CRF2010) + ORP] 


.40 of TPHP come by car and unload at terminal 

.52 of TPHP comes by car 

2 minutes to unload/car 

20 ft unloading room/car 

.4 of TPHP come by Taxi 

1.5 minutes to unload/Taxi 

20 ft unloading Rm/Taxi 


__ PAX(60.000 ) 
^AC ' (200)(3600) 


(PR)(GSF)[CA(CRF2010) + OA + — J 

4.356 X 10 


Terminal Road Cost and Ramp Cost: 
^ ,PAX w3600. r /«/ 


where the numbers as written mean: 
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.22 of TPHP come by bus 
5 min. unloading time/bus 
40 ft /bus 

12 ft/roadlane (STANDARD) 
5280 ft/mile 


4-F-2 Baggage System Cost 

Let: Q = given sorter capacity (Bags/hr) 

q = 2 for a "yes-no” sorter 

3 for a "Right-Left-Straight" sorter 
Bag =1.5 bags/Domestic passenger 

= 2.5 bags/international passenger 
Pic = number of bag pick-up points = 

t Jouu; 


n = number of sorting levels 

j = maximum number of levels where flow rate can 
be kept at maximum rate Q 

N = total number of sorters 

FLT = number of storage areas for flights. 

Now a simple tree diagram yields: 
n. 

FLT = g 

or n = log (FLT) 

s 

likewise 


j = log (Pic) or g^ = Pic 

O 

number of sorters for maximum load on system is given by 

XT / Pic X / ,x . / Pic ^ .2 ^ PiC y j , j'+l . j+2, 

N = (— ) (g') + ( — 2^ (g ) + . . . + ( — r)g +8 + g + 


g 


g 


or 


4 n-j 


N = j(Pic) + g*^ = j(Pic) + E g 

K=1 


K 


n 

g 
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= Pic [j 


{>^1 = Pi p r 1 n O’ 


+ rr 




1 /FI-T. 


„ _ ( PAXKBAG ) 
“ ■ (3600KQ) 


[log„( 


( PAXKBAG ) 
gH3600)(Q) 


K=1 


FLT(3600)(Q )> 
^°®g^(PAX)(BAG) ^ 


K 


g 


] 


Now we can write the cost of the Baggage System as 

Cx.Ar. = N(CSORT)CRF1510) + (LB)(1 .4)(CLB)(CRF1510) + OLB 
BAG 

where 1.4 40% addition belt is needed. 

4-F-3 TERMINAL CONFIGURATIONS 

4-F-3.1 Satellite Sector (See Figure 4.12) 

Assume x = r^ and y = 0 for R > > r^ 

-1 X 

Therefore a = 2 tan ^ 7. 

"5 

“ X ■ r^ 

where = Central nub terminal area and parking area 
and excess area and road area 

= I r^ = 878,087 ft^ 

bounds on r^: 

(1) for open apron style parking 

r^ max = 589 + 100 + 300 = 989' 

(2) for nose-in parking style 

Xj min = 206 + 300 + 300 = 806' 

(3) If we let ^2 = j waiting room and public space 

= 145, 193 ft^/floor on 2 floors 

Then r = 215 + 300 + 300 = 815' = Value to be used 

where r. = 215 ft» 
o 

Satellite terminal 

radius = r = 215 
6 
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2 floors 


= 145, 193 ft^/floor 

2 

Roof Parking = 145, 193 ft 520 spaces 


Central terminal area = Total = Satellite Term/Area (Total) 
= 1,143,400 - 2(145, 193) = 426, 507 ft^/floor 2 floors 
Roof Parking = 426, 507 ft^ 1,525 spaces 

2 

Total Parking Necessary at 1.3 spaces/TPHP 280 ft /space 

2 

4,675 spaces 1,130,400 ft TOTAL 


Central Parking on three levels = 1,310,400 - [ 426,507 + 145, 193] 

3 


ii'jQ 7f)n 2 

^ = 212,900 ft /level 3 Three Levels. 


Road area and Excess Land = 20 % of terminal area (TOTAL) 

= 228,680 ft^ 

of 4675 parking spaces = 50 to 55% are for passenger and visitors. 
The remainder are for employees, etc. 

Total area of Central Complex = 


= 228,680 Road 6c Excess 
212,900 Parking 
426, 507 Central Terminal 

878,087 ft^ = 


Sector area = (j)R^ • r^ = r^r^ = + E ^^^7^ 

Let E = Service Vehicle area for 8 vehicles/AC 300 ft^/vehicle = 
14,400 ft^ r^ = 2,537 ft. 


and 


0 ! = 2 arc tan ( 2537 ) ~ -622 rad = 35.6° = o: 
r^ = 1,680 ft . 
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as a check 


tj + r? < rj 


1680 + 815 = 2495 < 2537 


We have a feasible solution by 
adjusting E we can obtain. 


R = 3352 ft. 


GPR = 


PR = 


A^+ E + n(rp 

(f) r' 

^[(r^)^] - 50(r^-r^) 
360, 000 


4-F-3.2 Finger Terminal Unit 

According to the areas noted previously the approximate dimensions are 
shown on Figures 4.13 and 4.14. 

Unit I may have its parking area in place in area #1 or #2. 

Unit II is a modification of I where I has only two floors II 

has 2 floors for the finger section and three for the main terminal. 



4-F-3.3 Open Apron Unit (See Figure 4.15) 

Dimensions were determined from previously determined areas. The min. 
1000 ft A/C terminal separation was based on a 3 minute transit time to the 
A/C at 15 mph. 

(a) Car configuration (See Figure 4.17) 

1. capacity: 15 people standing plus operator. 

2. velocity: 15 mph horizontal, with minimal accelerations 
and decellerations 
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3. coded for particular flight; color, numbers 

4. load time: less than one minute 

5. load rate 2 cars/flight and 6 flight: 1 car/30 sec. 

6. electric rail 

(b) Subterranean Station Gate (See Figure 4.16) 

1. center platform 200 ft x 185 ft. 

2. max. of 4 A/C loading escalators 

3. max. of 3 baggage loading conveyors 

4. dual service by electric car 

5. comfortable waiting room and small concessions area. 
GSF = 1 

PR = 4.19 
f = 1.5 
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APPENDIX 4-G 


4-G-l Critical Path Analysis for Terminal Subsystem Improvement Priorities 

The following figures show the CPM plots used to determine the priorities 
for subsystem improvement listed in section 4.5.2. The following key will be 
helpful in reading the figures. 



Earliest Starting Time after Begin 
(OPERATION TITLE) 



(OPERATION LENGTH) 
(MINUTES) 


Latest Starting Time Before End 


Earliest Completion time. 




Latest Time (Measured Backward) 

From End) That This Operation May be 
Completed Without Delaying the Entire 
System — 


Arrowhead indicates that all operations after dependent on this 
operation. This operation is dependent on all operations terminating at 
A bold line indicates that this operation is on the critical path. 

From figures 4-G-l and 4-G-2, the following terminal requirements for the 
L-1011-385 aircraft are established. 


Turnaround Station ; Passengers must be ready to load at least 14 minutes prior 
to roll out. Baggage must be ready to load at least 8 minutes prior to roll 
out. Passengers are deplaned at best 7 minutes after roll in. 

Intermediate Station ; Passengers must be ready to load at least 8 minutes prior 
to roll out. Baggage must be ready to load at least 8 minutes prior to roll 
out. Passengers are deplaned at best 4 minutes after roll in. Baggage is un- 
loaded at best 6 minutes after roll in. 
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ro 

v/i 

On 



L-1011-385 Turnaround Station (CPM) 
Figure 4-G-l 


257 


T 


Connect Tow Tractor 



L-1011-385 Intermediate Stop (CPM) 
Figure 4-G-2 
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ORIGIN! 


Ground Mode Tnvtl 


Disembark Ground 




Transport to Terminal 


1 Check In Wait Line Check Seserr^ations^yZN 

1 

0 

’ 1 


\GiL.te ftooss Vkii Line 


Gate ft-ocesi;/^ Passei 


RassePtter to Aircraft 


Critical Left Turnaround 


complete 8 minutes prior to\ 
roil out intermediate or tninotes I 
prior to rolJ out turnaround, / 


Critical Pkth 


10 


Critical Leg Intermediate 


Baftfeafte to Gate 


/Most be complete 8 minutes prior | 

\^to roll out intermediate or turnaround. y 

Bafefea&e to Aircraft ^ 


Departing Passenger Terminal Process (CPM) 
Figure 4-G-3 


▲ 
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4 


Bafefeaft^ to Gate ( Beains 6 minutes after ^ 
roll in turnaround or IntennedUte) 

Critical Leg, Peak Periods ' 


Russenaer to Gate , 

( Begint ^ minutes after roll in InterrnedUt«\ 
or 7 minutes after rol I in turnaround. / 


Critical Leg Slack Periods 







Ground Mode Travel 


Critical Path 




Arriving Passenger Terminal Process (CPM) 
Figure 4-G-4 



4-G-2 Preliminary Design of Baggage Handling System 
Assumptions : 

1. Each gate will serve four pads. 

2. Maximum gate utilization will allow six flights (twelve operations) 
per pad per hour. (Pad flight volume corresponds to one terminal 
module . ) 

3. An average of sixty passengers will be exchanged per operation. 

4. Passengers may check three bags, no more than 34*' in length, but 
average passenger will check 2.5 bags. 

5. Conveyors for arriving and departing baggage will be separate. 

The following points in the system require individual analysis. 

1. Identification system. 

2. Code readers. 

3. Segregators. 

4. Pad storage system. 

5. Aircraft loading/unloading system. 

6. Private vehicle luggage storage and retrival . 

The New York terminal is thought to place the greatest demand on the 
system. Therefore, in "Loading** the system upstream of the pads, demands for 
the New York terminal will be used. 

Quadrant Requirements for New York Terminal : 

(372 2£Sp£ioM) (1/2 (j/^ ESiiL) (1/4 (1/4 ^ ^ ^ 

hr operation"^ ' vehicle pad gate 

Two quadrants will be required. The New York terminal baggage distribution 
system could be schematically drawn as in Figure 4-G-5. It is apparent that the 
subsystems of this schematic (quadrants, gates, pads) could easily form the 
entire system for smaller terminals. Also, the system can be easily expanded. 
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Figure 4-G-5 


More pads could be served by a single gate, more than four gates could form 
a quadrant, mode segregators could proceed the quadrant segregators and so on. 
Certain physical restraints quickly impose themselves on any ambitious expansion 
plan however. This will become obvious in the following analysis. 


Required Capacity for Pad Segregator ; 


(4 pads) 


(6 f 1 ights/pad-hr) 


(60 


p assengers , /o c 
flight ^ 


, 3600 

passenger hr. 


Requ i rod Capacity for Gate Segregator; 

(4 gati s) (3600 — ) = 14,400 bagsAir 

At this point it seems advantageous to divide the input between two qua- 
drant segregators rather than imposing design requirements of 28,800 bags per 
hour on a single segregator. The required capacities of the gate and pad 
segregators will not be changed. The altered portion of the schematic appears 
in Figure 4-G-6. 

Now we must design a baggage segregator capable of sorting 14,400 bags 
per hour. This will also impose steep requirements on the code readers. In 
order to make this burden somewhat lighter, and also to facilitate handling 
random sized luggage, we shall use "totes** which carry three bags each (all of 
one passenger's luggage). The totes will be three feet square and will have 
display windows for inserting cosed identification/routing cards. Six inch gaps 
will be maintained between totes to facilitate sorting. 

Identification Design ; 

Alpha-numerics: Destination; Flight Number 

Optic or Magnetic Binary: 

SOCIAL GROUND MODE 

INFORMATION QUADRANT GATE PAD FLIGHT SECURITY NO. AT DESTINCTION 
Number of 10 

row CO 1 umn s 1 1 1 3 9 1 

required 
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New York Revision 


Figure 4-G-6 


Sixteen columns will be necessary. Allow one inch on each end of the tote 
wide, with one inch between columns. 


Code Reader Requirements; 


Belt Velocity = (14,400 ^^) [ (1 /2 )] (3.5 


ft . . 1 hour 
tote*^ ^3600 sec 


5.6 ft /sec 


Scanner Reading Time = (1/12 ft) (1/5.6 = 0.01488 Seconds 


This requirement makes photo-cells impractical, magnetic coding will be re- 
quired. Code readers will require ten magnetic pick-ups and relays or solid 
state switching circuits. Code readers at the parking luggage storage facility 
will also require an amplifier. 


Segregator Design ; 

Let us assume that each tote and it*s luggage will weigh 75 pounds. The 
belt speed is 5.6 ft/sec and the totes are separated by six inches. Also, some 
clearance must be provided between conveyors - design a three inch space between 
conveyors. The time available for a simple transfer device to accelerate a tote, 

displace it 3.25 feet, and return to clear the next tote is (3.5 ft) (t V" ' ll " ; ) 

= 0.625 seconds. The accelerations required would damage the luggage. 

If the actuator moved with the belt a longer transfer time would be possible. 
Assuming this condition and also that the actuctor will exert a ten pound force 
on the tote until its transverse velocity reaches one ft/second, the merge length 
and time may be computed: 

Acceleration a = (10 lbs) (32.2 — (y ^ - ft/sec^ 

sec ^ 

1 ft/ sec 

time to 1 ft /sec velocity ta = = 0.23 seconds 

2 2 

transverse distance moved in ta = (0,5) (4.3 ft/sec ) (0.23 sec) = 0.11 ft 

time to move remaining 3.14 ft = t = — "*v =3.14 seconds 

V 1 f t / sec 
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Total Merge Time; tm = (3,14 + 0.23) sec « 3.37 seconds 


Total Merge Length ; Im = (3.37 sec) (5.6 ft/sec) + 3 ft = 21.9 ft 

These accelerations, velocities, merge lengths, and merge times are 
not unreasonable. Figure 4-G-7 shows a transfer mechanism consisting of 
chains oriented along the desired tote path which have retractable pins attached 
to them. On a "divert** signal from the code reader, the pins are lowered be- 
hind the tote and it is pushed onto the branch conveyor. 

Each transfer mechanism will require: 

(24) (4) = 96 ft of chain, 14 pin holders and pins, a drive, two pin deflectors, 
a pin actuator and eight sprockets (cost $1200). 


Pad Storage - Flight Segregator : 
The pad will handle: 


(6 £Ughts/hr) (i 


flight 


tote ,, 
passenger^ 


= 360 totes/hr 


We will convey the luggage from the pad segregator to the pad on a gravity 
conveyor. This will allow accumulation and will provide steady flow to the 
flight segregator. Tilt tables will be sufficiently fast for this operation. 
Figure 4-G-8 shows the flight segregator in schematic form. Tilt tables are 
sections of gravity conveyor which have the capability of tilting on demand by 
rotating about an axis parallel to the normal line of travel. This dumps the 
totes onto the flight accumulation conveyors. 

Each pad storage system will require six tilt tables and code readers. 

Also 

[(1 accumulator) + (6 flights)] (60 totes/flight )(3 ft /tote) = 1260 feet of 
gravity accumulating conveyors will be needed (cost $8000). 
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Figure 4-G-7 
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FLIGHT SEGSEGATOC 


Figure 4-G-8 



Figure 4-G-9 
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The extra accumulator will accept bags for all flights which are not 
yet scheduled for a given pad. 

Aircraft Loading AJnloading System ; 

By running a traction belt under the gravity flight accumulation con- 
veyors, it would be possible to have them operate as powered conveyors also. 

A gravity conveyor inside the aircraft would deliver arriving baggage to the 
system. This assumes that one or two men pick the bags destined for this 
stop and load them on the exiting conveyor. If the baggage racks in the air- 
craft are actually free roller conveyors it would be possible to mate the 
terminal conveyor to the baggage rack and use terminal power to load the 
baggage bay. This is shown in Figure 4-G-9. It must be pointed out that ter- 
minals exchange totes in this system, making standardization mandatory. The 
only additions to the system required in this process are the portable power 
and gravity conveyors, estimated at $2000 and $400 each. 

4-G-2.1 Private Vehicle Luggage Storage and Retrevial ; 

The size of this system will depend on that other ground modes enter the 
terminal. We have therefore, designed a **module” with a 300 tote capacity. 

A portion of the module is shown in Figure 4-G-lO. Allowing two inches 
between cells for framework and an additional foot vertically to provide for 
cell access, the dimensions of the module be as shown. Totes would arrive from 
the ground mode sorters on a gravity conveyor. This conveyor would mate with an 
extendible slide section which is in turn matched with a series of thirty tilt 
tables. The thirty tables have the ability to move as a unit vertically. Proxi- 
mity switches on the tilt table unit would sense if a cell were full or empty. 

As totes passed the code reader at the top of the slide, the social security 
number would be read and fed to the computer. When the tote moved in front of 
an empty cell the tilt table would rotate, depositing the tote in the cell and 
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Parker LugjgABe. Module 


Figure 4-G-lO 


at the same time notifying the computer of the cell's coordinates. When all 
sensors indicated full cells, the elevating device would lower or raise the 
tilt table unit, making another layer of cells accessible. 

Coordinate notification would work as follows. The elevating mechanism 


would produce a signal corresponding the **z*' coordinate, the activation of a 
particular tilt table would provide the coordinate, and the direction of 
rotation of the table would indicate the **y” coordinate. 

When a passenger called for his baggage the computer would search its 
matrix for the coordinates of the correct cell and signal the automatic picker 
to eject that tote onto a slide which would carry it to a coding machine. 

Here the baggage pick-up number from which the passenger signaled for his 
luggage would be coded on the tote and the tote would proceed through a sorting 
system to the pick-up point. Since pick-up and check-in points are at the same 
location, the tote will remain at this point to be used by a departing passenger. 

The tilt table unit will be operated by a single shaft coupled to the tables 
by electromagnetic clutches. Thus the module will require 30 gravity conveyor 
tilt tables, 30 electromagnetic clutches, three actuating motor and the tilt 
table elevating mechanism. Also a reader, ten coding machines, an automatic 
picker, an extendible slide conveyor and framework would cost approximately 
$20,000. The cost of sorting system which would accompany this unit depends 
entirely on terminal layout. $4000 per pick-up station is a reasonable estimate. 


Power Requirements ; 

A very safe estimate of the power requirements of the system could be 
made as follows: 



•) (5.6 ft /sec) ( 


1 HP sec 
550 ft-lbs 



34.17 KW/Peak Hr. Operation 
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Cost Model Derivation; 


PHO = Peak Hour Operations 
PPC = Public parking capacity - cars 
CIP = Number of Check in Points 
CL = Total conveyor length, feet 
Crf = Capital recovery factor, 10% interest - 20 years 


Quadrant Segregators - $6000 ea. 


($6000) ( Operations ) 


vehicle .. . Pad Hr- /-i /a 
operation ' '‘6 Vehicles'^ ' 


gate 

pad 


) (1/4 


quad x 

gate'' 


A seq 
'■ quad 


) = PHO ($31.25) 


Gate Segregators - $6000 ea. 


Pad Segregator - $6000 ea. 

(56000) (SESatloE) ( 1/2 ( 1/6 -E^) ( 1/4 ^ ) . PHO (S125.00) 

Pad Storage System, Flight Segregator, Mobile Loading Alnloading Units - $10400 ea. 
(510,400) (0£E^) (1/2 j^g^) 0/6 ^) ( 1^) - (^866.67) PHO 

Ground Conveyance Luggage Segregator - $6000 ea. 
exactly as many as quadrant segregators PHO ($31.25) 


Totes - $5 ea. 


(55) ( °P6ratlon» i (jO 

hr 


passenger 

operation 


) ( 


1 tote 
passenger 


) = ($300) PHO 


Conveyor - $30/ft 
CL ($30) 


Pick-Up-Check-In-Points - $4000 ea. 
($400) CIP 
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Parker Luggage Storage Module - $20,000 ea . 

(estimated 30% of cars have luggage in storage) ($20,000) “ ($20) PPG 


Capital Recovery: 

Crf (PH0[(3) (31.25) + 125 + 866.67 + 300] + (30)CL + (4000) CIP + (20)PPC) 
= (0.11746) [(1385.42) PRO + (30) CL + (4000) CIP + (20) PPC] 

CR = (162.73) PRO + (3.52) CL + (469.84) CIP + (2.35) PPC 
Power - $0.025/KW-RR 


(PRO) (34.17 ^) ( 


$.025 . . 8760 Rr 
KWRR yr 


) ($7483.23) PRO 


Maintenance Personnel $2.50Air 



8760 hr 
yr 


) = ($219) PRO 


Total Annual Co st : 


TAC = (7864.96)PRO + (3.52)CL + (469.84)CIP + (2.35)PPC 
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APPENDIX 5- A 


AIRCRAFT DESIGN MODEL 


% 




5-A-l Nomenclature 

PAX 

V 

V. 

fps 

RANGE 

FL 

FD 

H 

ph 


Rey . 
wing 


D. 

1 


L 

L/D 

WGl 


Thrust 

W(i) 


Number of passengers 
Design cruise velocity - mph 
Design cruise velocity - fps 
Design range - miles 
Fuselage length - feet 
Fuselage outer diameter - feet 
Design cruise altitute - feet 
Temperature at cruise altitude - R 

3 

Density of air at altitude - slugs/ft 
Viscosity at altitude - slugs/ft-sec 

2 

Kinematic viscosity at altitude - ft /sec 

Fuselage Reynolds No. at altitude 

Wing Reynolds No. at altitude 

Parasite drag coefficient 

Induced drag coefficient 

Total drag coefficient 

Total lift coefficient 

Lift to Drag ratio 

First gross weight approximation - lbs 

Total available cruise thrust - lbs 

Weight of the **i**th component 
(See component weights formulae) 
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SFC 

Specific fuel consumption - lbs 

fuel /HP- sec 

K 

Horsepower correction factor 

CONST 

STOL Constant - 6.375 

D 

Propeller diameter - ft. 

HP , 
si 

Total engine horsepower at sea level - HP 


Transmission efficiency factor - 0.90 


Propeller efficiency factor - 0.875 

WG2 

Second gross weight approximation - lbs 


WF1-WG2 

WGF 

Final value of gross weight - lbs 

OPW 

Operating Weight - lbs 

WG ^ 

erapt 

Weight empty - lbs 

'^lift-off 

Lift off velocity - (118.5 fps) 


Normal rated sea level power - HP 

si 

Rev . 

"wing^l 

°sl 

Thrust^oll 

Fuselage Reynolds No. at sea level 

Wing Reynolds No. at sea level 

Sea level parasite drag coefficient 

Total available take off thrust - lbs 


Total take off drag 

\oll 

2 

Take off acceleration - ft/sec 

g 

2 

Gravity constant - 32.17 ft/sec 

U 

Ground roll friction - 0.2 

RWL 

Runway length - ft 

Thrust , 
si 

Available sea level thrust of one engine - lbs 

AR 

Aspect ratio - assumed 7.0 

S 

Wing area - sq. ft. 
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App . 5-A-2 Design Modal Formulae 


A. Given input: PAX, V, RANGE. 

B. Determination of fuselage length, FL; fuselage diameter, 
FD; and number of passengers abreast: 


PAX 

FL 

FD 

No. Abreast 


40 

64.0 

8.8 

4 ' 



60 

77.7 

10.5 

5 



80 

80.0 

12.2 

6 


one aisle 

100 

92.1 

12.2 

6 > 



120 

98.5 

15.3 

7\ 



140 

104.2 

15.3 

7 


two aisles 

160 

112.7 

15.3 

7j 




C. Determination of cruise altitude, H: 


V (mph) 




200 

300 

400 


20,000 

25.000 

30.000 


D. Determination of cruise air conditions; 


= 547 - 0.003566 H 


= {0.00226 (1-0.00000687 H)) 


4.2561 


= 3.73x10’^ {T^/520)^*^ {718.7 /(Tj^+198.7)) 






E. Drag Calculations: 


Vfps = V(88/60) 


Cjj = 1.21 {0.03/(Rey^^g)^^^.[4(FL/FD)+6(FD/FL)^'^^+28(FD/FL)^] 
• (flFD^/(4S) + (1.6 • 0.0744) /(Rey . 
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Cl = (Cp it-0.87 

If Cl > 0.5 then Cl = 0.5 

C_ = C, ^/(jtO.87 AR) 

D. 



F. First Thrust and Gross Weight Calculations: 


L/D = Cl/C 


D 


WGl = 1/2 • Cl • Pl 


S • (V 



2 


Thrust = WGl /(L/D) 


G. Component Weights Breakdown 

W(fuselage) =W(1) = 0.8{FL^'^ FD°*^^ (4.5 WGl)°'^^) 

W(wing) = W(2) = {0.15 - (0.063 WGl) /lOO.OOO) WGl 

W(tail) = W(3) = 0.035 WGl 

W(landing gear) = W(4) = 0.04 WGl 

W(oil) = W(5) = 140 

W(furnishings) = W(6) = 550 + 40* PAX 

W(air condition) = W(7) = 500 + 13. PAX 

1 

W(hydralics) = W(8) = 0.0005(WGl) 

W(electronics) = W(9) = 642 
W(elect. equip) = W(10) = 1.61(WGl)°*^^ 

W(controls) = W(ll) = O.OZ-WGl 
W(payload) = W(12) = 200(PAX + 3) 

W(fuel) = W(13) = WG1{1 - e-(^GE+200+.75V)(SFC)/(l/(L/D))3 
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where SFC is the specific fuel consumption = 0.55 
This amount of fuel includes the standard FAA reserve 
fuel; enough fuel to fly to destination plus 200 miles 
plus enough fuel for 45 minutes cruising time at 
cruise speed. 

W(fuel tanks) = W(14) = 0,045»W(13) 

W(engines and nacelles) = W(15) = 1.5( (Thrust • )/ 

r p s 

(K*C0NST*325)) 

2S 1/22 

W(Propellers) = W(16) = 56.8{ (D/10) *^^(.9HPgP ' -itD 

• 0 . 00205 )°*^^ 

1/2 

where D = 0.2{(S-AR) ' - FD) 

and = (Thrust •Vjpg) /(K* 550r]^-h]p) 

where = 0.90 and ti = 0.875 

' t 'p 

W(transmission) = W(17) = 60{ (0.666 HP^ j-D) /50)°*® 
W(misc.) = W(18) = 0.05*WG1 


H. 


Second Gross Weight and other weights: 


WG2 


18 

I 

i=l 


= WGl - WG2 

At this point, assume that the iteraction is complete; 
i.e., that WGLflfWG2 = WGF 
OPW = WGF - W(13) - W(12) 

WGe^pj. = OPW - (2/3) W(15) - W(16) - W(17) 


I. Runway length Calculations: 

For purposes of runway length calculations the lift off 
velocity is assumed to be a fixed constant. 


'^lift-off 


= 118.5 fps 
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NRP , = 1.11 HP , 
si si 


Reyfus = (693,000-FL) 
“si 


= (693,000- /s?M) 


1/7 


C,, = 1.21{0.03/(Rey^^g ) ' - [4(FL/FD)+6 (FD/FL) 


1/2 


si 


sl 


2 2 1/7 

+ 28 (FD/FL) ] - 7 t( FD )/(4S) + (1.6 • 0.0744) /(Rey ) '' 


wing 


sl 


Thrust^oll = ( 1*2 • NRPgi-Tip-Ti^- 550)/(.7 - 

= (Thrust-V, )/(62.2 • K) 
rps 

°^^®roll " Psl^°*^ ■ ^lift-off^ S ' ^ 


sl 


= 7.78 • Cp • S 
°sl 


Vll = • Drag^^^p/WGF - 4) 

2 

where g = 32.17 ft/sec 


[X - 0.2 

2 2 
If a - - > 10 fps then a , - = 10 fps 
roll ^ roll ^ 

RWL = Distance to wheels off plus distance to climb 50 feet 
Distance to climb 50 feet ^ one half the distance to wheels off 
RWL = 1.5 {Distance to wheels off) 

RWL . 1.5 (vJjf,.„„)/(2 • 

Thrust^j^Cof one engine) = (2.5 • NRP^j^)/4 
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5-A-3 Aircraft Parametric Design Model Computer Flow 
Chart For STOL Aircraft 



Figure 5-A-l 
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5-A-4 Computer Printout 


The following computer printout is the actual Aircraft Parametric 


Design Model written in the B5500 Algol computer language. 


BURROUSHS B-55d0 ALGOL COMRTttR L^^^^ TUfSOAYV ' 's/ZO/G#'* 

' «uscR» BR81250T B!n' o«re ■■ ■ 

SCOMRILE 0lNO4r8/EP655 ALGOL ,13s8000l5 ^*0478 TAVLoRHC 

lPR0CESS»0015lI0«0030JTL(n)L TRTJCESS^ ITIULTiTn. " TUeir, ~ 

*0ATA, 

«0AT* TAYLIN . ' ” 

BEGIN 

riLE^OUT PPNl 0(2»10)A 

riLE out TAVLOUT 1«(2»15)I - ■ - 

FILE IN TAYLIN (2»10)l 

■■RE»L“ C0I,C0»CLF»C0r»CD7r»THRU5TtiDmtiTWnJST5LiVEL-»rAjr»y»Cr»C2»rL» ■ 
0*r0»TEHPH*H*RH0H»MUH>NUH«REYrUS*S*AR*REYNlN6,C00T0T«CL*N6l* 
WG2»LOO»THRUST»NlM,MAriR»NBr»CtJNST,XiTJPtr»Sf>HBnvirBr?»F»LOOr»' 
THRUSTr»CD0T0Tr,HPSL»HpSLr»M6EMpT»NRPCR»NRpSL»ANN,Rl,R2,C00SL» 

arol»rnlj " — “ 

REAL ARRAY DELTAN*OELtOt60I»H»NriNtOI 18JI 

INTEGER' I'#J.XrNCTI 

LABEL LI0»L20 »l 3O) 

FORM “ FH A ( "F aF" * X^I » X2 »" Al.'TT»>y r» "irANGE"'»1f r» "1T6T"iTr» •HTG?" ' 


"OP,NGT"»XI»»N6ENFT">Xt »»TRRCR»rXl#"THRSL"Drn"THRlE"»)rrr “ 
"RLTHRT",X2,"HPSL'»,X1,"AREA»,x1»"SPAN»,X1,»L00"»X3,"RNL"»X2, 
*C0CR»*x2»"C0SL"»X3»''FL'"»'x3»*'FD«'JJ ■ ~ 


■'FORMAT FMA A ( 1 3» Xl . 1 3» XI » I5» Xf Vfr, Xf i A ( f6. xT)'»'Sn5r»'Jll )» 1F»'XI'» l5»Jff i 

2( 1 4» XI } * f4 . 1 » X U 1 4» X 1 » 2{ e 5^, 3» X n » r^t 1 » Xl»fA,l»/)l ~ 

FORMAT ■ FMD0Cx?»"wm*»x2>*M(2J''.x7»’*^Br33^'»'xr»'nfCTJ"^»'X2>^rC53"»x2» ■ 


T*Hf8)»>X?»"Mi7 j"» X2»"N (B j»» r6')"#Tt2»"N(I I 

"N(12)»»X2»"N(l3)»»X2»"W(l4)«»X2»-R(l5)"»X2»"Nn6)"» 

■ “X2*'"Sr( 1 7)^» X?,'"N ('i Sy> ) I 

FORMAT FMhr9rxi»f5)/9rx2ViBr//7/')'i 


FORMAT FMQ ("12»"»I2»'">"» I <»*»"» l6»*«»»FS» 2»»»*»»16*" *0tSB3»« 

_ »I3#"»"»14»"»;^»I3»'*»4»2»»#I4»«»"»I6,"»")I 

NRITE(TAYLOUTtNOJ)l 

■• RE 1 0 ( T ATLT N V / » C t> C2'» AR. CF NFT) J 

LINCT «• 01 
~ANN*Ar 

FOR PAX * 80*00*100*120 00 BEGIN 

" FOR V ♦ FOTTiTOtrAATJOr DO'BEGTR ' 

rOR range * ?00«400*600*800»1000 00 begin 

If V-200 THrN H'* 15000 ELSE Ir VR' WO THC'N 'HA'^OFOF'rLSE H* 250F0I 

lE PAX«40 THEN BEGIN FL«>64,0| F0»8,8I END ELSE 

TF pjrx»«o Then begin fu-tt.tj ewj else 

IF PAX»80 then begin FL*60t0l F0*12.2j END ELSE 

“IF PAX-100 THEN BEGIN FL^’F.lf FOA17,2rEWO'XL'5E' 

If PAX-120 THEN BEGIN FL*98,5| fO^IS.SI END ELSE 
IF PAX-I 4 O THEN BEGIN FL410a,2i rDrts.irtW'ELST FEXIF 
FL«-112,7| F0*15,3A EN0» 

L26i LINCT ♦ LINCT41I 

ann*ann*ij . _ _ 

IF LINCT - 61 THEN LlMCt '♦ 11 " “ 

VEL * (V*88,0)/60,01 - 
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DELTAWrrtOO+Cn/SO-iy 
TEMPH *■ 547-(0t003566i«H)l 

RHOH *■ (0t0022«»( 1 •O"(O.d0dOCr68riiiH)'5**',256fif ■ 

MUH «• (3.73P-07) «( ( TEMPH/520 ) * 1 1 5 )k { ( 7 1 8 , 7 )/ ( TEMPH ♦ 198.7))I 
■ NUH '*■ MUH/WHOhI 

REYFUS *■ ((VEL/NUH)*rU*{l,0/7,0)l 
' HIM ♦ 500*0 » MAX ♦ ?00T>*r2T 
FOR S ♦ MIN STEP 5 O UNTIL MAX DO 

BEGIN 

REYWING ♦ ((VEL/NUH)x((S7AR)*0.5))»( 1.0/7. Q)I 

COOTDT M ;21«( ( 0. 030/l»Eyf’U5J"f **^t/?in*T65TTX07rL )* oT5)T*(2«S((FD/EL) 

♦ 2)))>«(3.1A16*(rO*2)/(*.0>«S))*(l t6>«0t0744)/REYHING)I 

— TL «• (X:0OTOTk3.UI6«O.67SAN)*OV5T ' “ 

IF CL>0.5 then CL*0.5I 
~HGl * 0.5 xCL«NhOH*Sk(VEL*?5) 

COI ♦ CL*2/( 3. t416x0.87xAR)l 

'TTO'vcdotot ♦ 'Coii 

LOO ♦ CL/COI 
"THRUST * Wft'I/LODI 

Min * 0.8 x(FL* 1 .5)K(FD*0.25)«((4f5KMGn*0.15)J 

MI 2 J-* (0,150»C0.063xMGr/ltniOO0T)Tr(iBlT ‘ 

MI31 * 0,035xHG1J 

Mf41 «■ OtOAxMGlI 

M[5l * UOI 

MI6I * 580*A0xPAXJ ■ 

M[7] ♦ 500*( 13xPAX)I 

MI87 «• 0*0005x(NG1*1 «28}T 

HI9] «■ 6421 

MtlOl * 1.6 i*(mg1*0,55)| 

MtllJ * 0t02*MGtI _ 

KI12] ♦ 200kIPAX*3)) 

IF PAX»56 THEN M 1 1 ? 1 *95000| 

■ wri3I ♦ MGlx(l-EXPI-{((RAN6E*20O*V»O.75)/375)V(Y7L'6DTsrfO."55)TJ)T' ■ 

MI14] 4 . 0.045xMfl3lJ _ _ 

K ♦ (0«665-(0,55xH)/30000)i 
MI151 ♦ (THRUSTxVEL/(C0NSTxKx325})x1,5I 
D* 0.2x((ARxS)*0.5-fOI 
HPSL* THRUSTxVeL/(Kx433)I 

" ■ Ml 16] ♦56, 8x ( ( (o/10)*0.25)>fi (0,Vxtfp"sLy*OV5')xOr5xT^Tfl'5xl)*7xo“, 004Ty*5V67i 
Wtl7] ♦ 60 x((0,6x1,11/500)xHPSL«0)*0,8J 

■ MtlBI * 0.05XM61I - - - 

Wg2 «■ 01 

FOR I* 1 STEP I UNTIL’ 18150 ¥67i M6^*TJtTjT 

OELIS/50] «• HG1*WG2I 

0 eLT*WIS /501 «• aBSIMGI • ¥ 6 ? 5 T ■ 

IF DELTAMtS/50]<DELTAHI(S750)-l] THEN BEGIN 

— FOR J*t STEP 1 until I8 DO NFTNTJT X^ TTEJII 

SF*SI MGFUMGlI MGF2«.MG2J B»( ARxSF 5*0 ,5 1 L00F*L001 

ThROSTt" * TffROSTt COOTOTf^cOOT'OTT -UPSLT'^flPBtT 

CLF ♦ CLl cof*cdi cOif*cDii 


lE SPHiN and SIGNIOELI S/50j)«-(slGN(0ELt(S/50>-l])) ThEN gO TO LlOj 

ENOJ — 

LlOl NRPCR ♦ Kxl.llxHPSLFI 

ffPM ♦ m6f2 -MfINIIS) -MFlNtl21I “ 

MGEMPT4-0PM-O ,667xMFIMI 15 I-MFiNf 16]-MFIN[17]| 

" NRPSL * l.rixHPSLFf ■" ’ " 

R1 ♦ (693000xFL)*(1/E,0)» 

R2 ♦(693000x((SF/AR)*0,5))*(l/7.e)) 

COOSL ♦1.21x((0,03/Rl)x{{4xFL/Fo)4(6x({Fo/FL)*0,5))*(28x((FD/rL) 

* 25 ))x( 3 , 1416 xTF 0 * 2 )/( 4 . 0 xSr) 5 *( 1 . 6 x{r, 0 TV 457 B?)l 

THRUSTl ♦ (THRUSTFxvEL)/(62.2xk)I 
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0TRA61 * 7Vre»cbdsL*sri ' ' ' ; ' — 

AROL *• C(THRUST1-DRAG1)/HGF2-0.?)k32,17I 

ir AROL ^ 10. 0 THEN AROL ♦ 10,01 " " ' 

RHL «■ 7020x1 ,5/AROLl 

ThPUSTSL ♦ NRPSL*2,5/A,0I ' 

NRITE(TAVL0UT,FMA>I 

WRITE (TAYL0UT»rMAA»pAx»V»H»P*NGE»HGrl»H672»0PH»MGEMP'r#THRUSrr»«xTHRUSTSL 
,THRUSTSL.THRUSTl>HPSLr»Sr»B.LOOr»PwL»COr.COOSL,rL»rD)l 

■ NR!TE{TATLOUT,rMOO)l " ' 

WRTTE(TAVLOUT»rMO»rOR I*1 STEP 1 UNTIL 1# 00 NFlNtlDl 

■■ t»mETPPNl.FNO»ANM»W6F2»I»FlNtl7]»LOOr»TMRU5TSL»V>irAN6E"100,PAX» 

0.833xRHL*WGEHPT)) 

” rr PAX-56 THEN 60 TO L30I 

END) _ „ __ 

END) 

1>AX«-56| V*3oO) H«-25000) RANeE«-2500) f 0*1 AI *R*T17b)nS0 TO 

L30t end. 
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5-A-5 Design Model Output 


Gross 
Wciftht 
10** lbs. 


Grots 
Wai^t 
*10** lbs. 


Gross Weight vs. Design Range 




Figure 5-A-2 
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Engine Group Weight vs. Design Range 




Figure 5-A-3 
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Fuel Weight vs. Design Range 




Figure 5-A-4 
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”T~HQ.U€:?T vf>. DeSIGM Q/\NGE 




Figure 5-A-5 
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UvWG A,B.EA V5. Desigu 


UliKie 

Auba 



DE5UaN RAviaeOSTATore 



Figure 5-A-6 
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DuKAUAX V€>. Oe-5\(nKl 



Foe. oe^veK ^peeos (seeA-ree thau. 2oompK 
THe euNuiAx" L_et4eiTW eeAc.rtes the mihxmow 
VAL.oe o¥= los'i v^eer. 


Figure 5-A-7 
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APPENDIX 5-B 


INTERIOR CONFIGURATION 


FUSELAGE LENGTH 
(Values in feet) 



4 

Abreat 

5 

Abreast 

6 

Abreast 

7 

Abreast 

160 

160.8 

138.2 

124.0 

52.8 

140 

146.6 

126.8 

115.6 

64.9 

120 

132.5 

115.5 

104.3 

73.4 

100 

114.7 

100.3 

92.1 

86.3 

80 

96.0 

89.0 

80.0 

98.5 

60 

81.9 

77.7 

67.7 

104.2 

40 

64.0 

58.3 

55.5 

112.7 


Table 5-B-l 
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WO. OP PA66EMd.e:R.6 





-I 1 1 1 1 1 1 1— 

20 60 80 \00 »20 1-40 \60 

FU6ELA6E LEM6TH , FT. 

INTERIOR CONFIGURATION AND FUSELAGE LENGTH 


- 4 - 

170 


Figure 5-B-l 


APPENDIX 5-C 


m. 


4 


4 


AIRCRAFT COST MODEL 
[cost in millions of dollars] 

5-C-l Initial Cost Calculation; 

- Initial Engineering (IE): 

IE = 97.14 X (T X NE)°*®® x x lO'^ 

where B = Maximum Speed [Knots] 

T = Thrust of one engine [lb] 

NE = Number of engines 

Fi = correction factor = 1 CTOL, 1.05 STOL 
Engineering man hour cost = 12.10 $ 

Development Support (DS): 

DS = 1.29 X IE 


Flight Test Operation 


FT = 0.638 X MGW®'®° x S 


(FT): 

,0.90 


X TA^‘^ X 10“^ 


where: 

MGW = Maximum gross weight [lb] 
TA = Number of Test aircraft = 3 


Initial Tooling (IT): 

IT = 1.45 X X MGW 


0.839 


X F2 X 10 


where : 

F2 = correction factor = 1 CTOL, 1.05 STOL 
tooling man hour cost = 11.84 $ 


Sustaining Engineering 
SE = IE (N2°‘^°- Nl°'^®) 


(SE): 


» 
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where : 


N2 = Final number of aircraft in production run 
N1 = initial number of aircraft in production run 

Sustaining Tooling (ST): 

ST = IT X 


where ; 


^ ^ . r aircraft n 

R = Production rate [ — — J = 10 

^ month 

• Manufacturing Labor (TL): 

120.47 X X T (N2 + 0.666] x F3 


TL = 


0.585 X 10 


where ; 


F3 = correction factor = 1 CTOL, 1.05 STOL 
Labor man hour cost = 9.67 $ 

- Materials (TM) : 

TM = 


0.4093 X x f (N2 + 0.5)^*^^^- 0.561] x F4 


0.832 X 10" 

where F4 = correction factor = 1 
Engine initial development cost (EID): 


Turboprop engine ; 

EID = 2.044 X x (N x x F5 , 


^ Turbofan Engine : 


EID = 0.1394 X x (N x x F5. 


where : 


F5 = correction factor = 1 

- Engine Production Cost (TPCE): 

- Turboprop Engine 

TPCE = 3.19 X X x F6 x lO"^ 
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where: 


N2 = Final number of Engines in Production Run 
N1 = Initial number of Engines in Production Run 
F6 = correction factor = 1 CTOL, 2.04 STOL (for consideration 
of the cost of propellers and gear systems) 

- Turbofan Engine : 


where: 

TFW = Turbofan weighting factor applied to a turbojet 
with afterburner = 0.5 

TFN = Turbofan weighting factor applied to turbojet with 


- Furnishing Equipment (TFE): 

-3 

TFE = 2.5 X PAX x N x F7 x 10 

where : 

PAX = Number of Passengers 

N = Production Run 

F7 = Correction factor = 1 

5-C-2 Direct Operating Cost Calculation [cost in $/mile] : 

- Flying operations : 



no afterburner = 1 - TFW 


- Flight Crew (FC ) : 


FC =(0.05 X ^ + CRW)/VBUC 
10 


where: CRW = constant 



100 - Turboprop and three man crew 


135 - Turbofan and three man crew 


63 - Turboprop and two man crew 


98 - Turbofan and two man crew 
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VBIiC = Clock speed [mph] 
- Fuel and Oil (FO): 


1 02 

FO = X (0.01642 X FBLK + 0.125 x NE x TBLK) 

where 

D = Range [miles] 

FBLK = Block fuel 

TBLK = Block Time 

- Hull Insurance (HI): 

^ 0.02 X UNITCOST x 10^ 

U X VBLK 


where : 

UNITCOST = cost of one airplane [$ millions] 
U = Utilization factor [hr/year] 

- Direct Maintenance : 

- Airframe Labor (AL): 


AL = 


KFC X r 0.59 X TF + 1] x 4 
VBLK X TBLK 


where : 


KFC = [ 


0.05 WE 
10 ^ 


] + 6 - 


630 

(— _ + 120)^ 

10 


WE = Empty weight less engines [lb] 

TF = Flight time. 

- Airframe Materials (AM) : 

^ ^ ( 3.08 X TF + 6.24) X (UNITCOST - NE x UNITEC ) 
VBLK X TBLK x 


where : 

UNITEC = unit engine cost [$ millions] 

- Engine Labor (EL): 

( KFH X TF + KFE) x 4 
^ VBLK X TBLK 
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where: 


(Turboprop) 


KFH « ( 
KFH = ( 


0.65 + 0.03 T 


10 

0.60 + 0.027 T 
10 


3 )»E 

) NE (Tutbof«n) 


Propeller gear system labor (GL) : 

(0.57 + 0.00018 X WG) X 4 
“ VBLK 


where : 

WG = weight of the transmission (lb) 

- Engine Material 

^ ( 2.5 X TF + 2.0) X NE X UNITEC x 10 
^ VBLK X TBLK 

- Maintenance Burden (MB): 

MB = 1.8 X (AL + EL) 




N 
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COST MODEL FLOW CHART 



NOTE 

• since the aircraft mix are 
formed by two oircraft only 
the read statement is performed 
twice for each value of M. 


KEY 

K = counter = 1^2 

ID- card identification 12,25,15 
AC- aircraft number I,.. ..to 66 
M = mix number 1,2, — 37 


Figure 5-C-l 
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Figure 5-C-l Continued 
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INITIAL COST FLOW CHART 



Figure 5-C-2 
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FOR 1-1,2 ^ 
DO 


PRODUCTION COST 
OF ENGINE 
TPCE. 


NZ-N^NEi NI-TA,^NE 



ENGINE DEVELOPEMENT COST 
TEDC-EID+TPCE 


UNITEC «(TPCE»TEDC)/iyNE 


FURNISHING EQUIP 
TFE 


TOTAL PRODUCTION COST 
FOR (N-TA) ACFT 
TPC s TMC + TPCE +TFE_ 


DEVELOPMENT COST 
OEVC = TADC + TEDC 


•••note; 


In this stat«m«nt provision 
has boon mod* to account 
for tha -shift in ths Isarning 
cur vs for those CTOL 


UNIT COST 
UC = PEVyTPC 



and STOL aircraft 
already in production. 


Figure 5-C-2 Continued 
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DIRECT OPERATING COST FLOW CHART 



Figure 5-C-3 


5-C-3 Computer Printout 


The following computer printout is the actual Aircraft Cost Model 
written in the Algol B5500 computer language. 


% 

acfi-iN, 


riLC IN 

ENTRA (2«10)l ^ . 

FILE OUT 
1NTE5ER 

sale 16(2*15)1 
M*KI 

integer 

REAL 

NE*rA*N*Nf*N2* I* j*R*CRN*PAx*¥c*ID*rN&rNn 

EI0*F5»TPCE»F6»TFM»TFN*TE0C»UMITEC#TFE»FF»TpC*0EVC*TLMTA) 

"real 

REAL 

TE * S * T i F 1* O S * F T * Mg n 7F2 VITi sE * S T * Tt *T3 * T¥*r4 » T MCTA » T ADC * TM^F 
UNITC0ST»0» VCR*TCR» VBU(#TGM»TCL»TAM»T8LK#TF»FCR»F8LK»FC*F0»UI 

real 

REAL 

hi*kfc*ne*al*am*ld*dcR*cost*kfh*el*em*mu#kfe«uoc*ng«um*rmli 
array A(0I99*0I14]| 

real 

..la.bel..... 

format 

array BCOI3T*Oi'99«6t2i ) 

L1*L2*LB1*LB2*L84*lB6*L88«00ME*LB3I 

■'FNi (/»■/» "E rror card io # l2 In first group'"')/ i 

1 

FORMAT 

Fm2(/*/*"ErR0R card id # 25 IN SECOND GROUP A")J 


rOfifMA’f' FM3(7;/V"tRR0R CARD To”# l5'TN 'src01iD SaOUP S*»)T 


..format. , _FM_6(/»/.»^C0S J«% I 

Tor M ” mri 9VF V4 ;i 7F ; rr/F ro vj iTro ;Ti r$v2 »T 6 . 2VF 8 . 2 


FORMAT . HE A0_(_X_5j». "AIRCRAFT ",X4»_^0EVC^.*X8 

"UNITEC"»X3*"00C"#X5»"FUEL"»X4#_".0M"#X7#"0’^»X6»"M6M'*# 

X VcR' " 7x 3 # " p 7x % / ) i 

NRITE(SALE[N0]}; 

hrite(Sale»heao); > 

LBi I REA'D"c'ENfRAr/; iT» AcVrOR step' V UNrfL”J? oQ Af*^^ ! 


1 IF 10 # 12 ANO ID #99 THEN BE6IN 
■■”¥RyfETSAL'ErFMV)y ao fb'ToTE'T ENO ElSE 
IF lo' » 12 THEN GO TO LBI ELSE 



M » 1 ; 

R EAQ.tE N T.R.A.* / ^I pj> A.c*. .FDR. .g.*.l*.2 .. .0.0. . 

..B.(.M.»A.C»i)_l).J 


IF 10 # 25 ANO ID # 99 THEN BEGIN 
MRlIE(SALE»FM2)I..Go..Ta. P.O.N E. XNP 

.ELSE 


IF IP « 99 THEN 60 TO L86 EL&E 
REAO(ENTRA*/*IO*AC> FOR J«>1*2 00 

B(M*AC* Jl)l 


IF ID # 25 ANO IP # 99 THEN BEGIN 
NRITE(SALE*FM2)| GO TO PONE ) ENO 

ELSE 

M » M*1 ) 

GO TO LB2 1 

LB6t 

LB3I 

M ♦ 1 1 
COST ♦ 0 ) 


FOR K *■ 1*2 DO begin 
REAO(ENTRA#/*ID*AC*N*0)(OONE1J _ 


TF ID # l5 then begin MRITE($ALE 
IF N*0 THEN GO TO LB6 ELSE N«-N><10 

*FM3)I GO TO DONE 1 ENDJ 
1 
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mgh v xtAc/iyi 

HG_* A[AC»2J I 
LO «• A[AC»31 J 

T » AIAC»4] } 

TCL * A(AC*5]I 
VCR «• AtAC#6lJ 
PAX V'AIAC/8JT 
NC «■ A(AC#9]i 
engine ♦'AlAC»10jy 
RNL ^ AIAC^in I 
NE ♦ AIACm 21 i 
TGM «• B(M*AC>n / 

T AMVb t M» ACi 2 j 

A.A - 1 *. |0 C R ?0 ; 8 6 84. _K j 

COMMENT INITIAL COST CALCULATION ) I 


begin 

r I VF2 ♦ rs ♦FA VF54 F6 ♦ F F'f 1' ' X 

TFW*0,5 j R»lO I TA «• 3 I 
Xr AC ■ > ■ A' THEN ' BEG! N 

Fl^Flxl.05 I F2«-F2k1»05I F3«-F3*1»053F5«’F5j» 1. l0IF6*F6>«2t04IEN0l 
TFN ♦ 1.0 - TFN J 
COMMENT INITIAL ENGINEERING I 

TE ♦fT Vi 4*S*0V54FV( T*NEy*0 »'eWf -Xiri 7 

■c‘6M'MENT"i)EVEL6PMENt'‘SUP 
OS » U29XIE i 


COMMENT. FLIGHT TEST OPERATION t 

Ft’ ♦'T.6'38XMG’HXor8oVS*6«90KtA*'i.Y*^^^^ 

'comment ’’TnTtTXl fooCrNG 'i 

IT «• 1.45xS*I.074rh6N*0.839x»-6>iF 2 i 
N2 ♦ TA j N1 ♦ 1 I 
FOR I ♦ 1»2 00 begin _ 


comment sustaining engineering i 

TE' * ' i E*rH2* 0. 20 ■- N i V 6V20 ) X 

comment sustaining Tooling i 

ST ♦ ITmCN 2*0»138 - Nl*Ot 138 )rR*0.4 i 


COMMENT manufacturing LABOR t 

; Tt ♦ X2TJ. A7XNim*D , 737 s?»TI.^31k TC N29X) «5)W0 • 0V6WX* W 

- (0.585RP6) 3 



COMMENT MATERIALS 3 

TM ♦ 0V4093><P»Or*0.779>«SV0V85'6>(TlN2X0#3T*ir.7r32 - ir.y6n*TrF 


(0*832x86) 3 

'comment ■■ToTAi;--„*NU^ 7 JCTuRrNG COST*rdR TES 7 'X^ 

IF I ■ 2 THEN GO TO LI ELSE 

TMCTA ♦ SE4ST^TL9TM 3 
-* TLMTA ♦ TL tTM 3 


COMMENT total AIRFRAME DEVELOPMENT COST 3 
"f AdC '♦ IE*DS*Ft*iT*fMC't'A''3' 

IF AC ■ 1 then begin 

N2 ♦ 200*N t N1 ♦ 200 3 END ELSE 
IF AC«4 OR AC«65 THEN BEGIN 
' N2 ♦ 300Vn 3 
Nl ♦ 300 3 END gl^SE. 
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IF AC * 66 fHEN BEGIN ' 

N2 ♦ 10+N I ^ . 

Nr * i'O f END else ' 

N2 ♦ N J Nl ♦ TA I 

IF N2 > 1000 THEN N2 ♦ 1000 ) 

Eno.OF__TEST_AIRCRA_FTS _CALCUL^^^ 

COMMENT total MANUFACTURING COST OF (N-TA) AIRCRAFTS I .. 
uV ''Tf “Vcs 4 6 r ‘ ■acVss' then begin 

TLMTA*l20«47xMGH*0,737xS*0«43 l xCCNl*0«5)*0tSe5 * 0>666)xF3/ 

(0.585KR6) i 

. TLMTA»TLMTA + 0t4093*MGM*0#779xS*0«856>iC(N1^0#5)«0.832 • 0.561)>‘F4/ . 
(0.832x96) f 

END) 

TMC ♦ 'SE+St*TL*TM -TLMtA j 

TMC » TMC/(N2-N1) f 

COMMENT Engine initial_oevelopment cost f 

IF ENGiNE ■ 2 THEN ElO ♦ 0 ELSE 

IF AC > 4 THEN 

Er0'*"2V044xTV6V355ifNxNEr*6V69^ EuSE '' 

EID *■ 0. 1394xT*0.744X(NxNE)*0.Q77xF5 ) 


comment Engine total production cost j 

N2‘ ♦ TAxnE I Ni > 0 / 

for I * 1*2 00 begin 

TF AC > ■ V'ThE N 

TPCE ♦ 3,19*T*0.459x(N2*0.89l - Nl*0.891 )xpGX»-3 ELSE 

TPCE ♦ (TFhx0.187xT* 0.B48 ♦ irNx0,3i98MT*0,el6Jx(TFWX(N2*0,86r 

- Nl*0.867) ♦ TFNx(N 2*0.871 • Nl*0«871) )xF6xp-3 t 

TF r»2' twen gtj- TO L^- rtsE ■ 

(fOMMENt' 'rN'GrN£‘ total TJEvEUOPMrNT C^ 

TEDC » EID ♦ TPCE ) 

IF AC ■ 1 THEN begin 

N2 ♦_(200*N)*NE t N1 ♦ 200xnE_ ). END ELSE 

N2 ♦ (IO^N)xnE) ... _ . i 

Ni *■ ioVnE j End els'e 

IF AC«4 OR AC«65 THEN BEGIN ; 

N2 «’(300«N)xnE t 

Nl 4- 300XNE ) end ELSE j 

N2 Nxne' r'NY‘* 'TAxNE i ” 

IF N2 > 2000 THEN n2 «■ 2000 t 

rno OF engine procurement- CW CAYC^WTTOW pllR TEyT ATRfRATTSr- 

L2i UNITEC » TPCE/CN2 » Nl) f 

COMMENT TOTAL FURNISHING KOuIPMENT I 
TFE * WA)fxNxr7xp-3 T 

COmmE'NT ' ToTAL production C0sr7OR (N-TA) 'ATRITR*^FTS 7 

TPC » TMCxn ♦ UNlTgCxNxNE ♦ TFE f 


COMMENT TOTAL DEVELOPMENT CoST ) 

7F AC S A OR Ac i 65 TheTJ ' DXVt '♦ X ■£U$X 

OEVC ♦ TAOC ♦ TEDC I 

UN i t COST ♦ ( OEVc ♦ tp'c)7n j 

COST » COST ♦(DCVCX2.399 ■> tPC*2.014)xP5I 

END) 


comment direct operating cost CALCULATION I 
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BEGIN - * 

IF AC > • THEN BCGIN . . . ■ 

OCR ♦ 0- loo I 

FCR ♦ MGW>«(1-EXPI-0CR/(683xLD))) I 

IF VCR >200 THEN 

FBLK ♦ FCR ♦ 950XMGM/9S ELSE 

ir vrft >■ 300 TRCN 

FBLK ♦ FCR+1290*MGH/#3 ELSE 
FBLk' r rCR*t640>»RoB/B5 r End E^^^ 

IF 0 2 600 THEN BEGJN 

Dcr «■ 0-280 ; 

FBLK «> (5000*13«4xOcR)xMGr/#S t END ELSE 

begIn 

DCR ♦ 0-140 f _ _ 

FbLk ♦ (30bdM5,6>«6c"R’)*M6H/|»5 J END/ 

TCR ♦ ( l#015*0*2T-t0*0CR) J/VCR } 

VBLK ♦ 0/(TGMtTCl*TcR+TAM) f 
TBLK « O/VBLK f 

Tf '♦■■tblk-tgm 'J 

■'COMMENt TLYrNG'QPlRATTONS 

FLIGHT CREW f 

rr MG'w S120000 then begin 

IF AC > 4 Then CRW «• 63 ELSE CRW * lOO | ENOJ 

Tf AC ■> 4' ThXn CRW'' ♦98 rCSTE CRl# > Y35I 

FC 4-(0*0SxhGW/P3 ♦ CRW)/VBLK I 


COMMENT FUEL AND OIL t 

FO 4>{1.02/D)X(0.01842WFBLK ♦ 0. 125*RL*TBLRJ — I 

COMMENr mV IKSURAUCI" T‘ 

IF TBLK i 2 THEN 

U > T5ff6 V6+ 1 67 3V4* T¥LK^ JI8T, 8 >« T¥LX*¥ FLSt 

IF TBLK > 2 AND TBLKS 3 THEN U*3900*C TBLK-2)>«400 ELSE 
IF TBLK > 3 AND TBLk i * THEN Uo4000^( TBLK-3 })I20U ELSE 

IF TBLK> 4 AND TBLK S 5 THEN U«-4200t( TBLK-4)Xl00 ELSE U*4400l 




comment oiREct maintenance 
airframe labor I 

KFC ♦ (0.05xME/» 3}« 6 -C630/CHE/t34li0) ) t 
AL ♦ KFCx(0»59kTF*1)*4/(V8LK*T8LK) J 


comment airframe material I 

Am V {3,08xTF*6,24)x(UNlfCosT^-NExUNlTtC)7(VBLKxTBUK)J 

COMMENT ENGINE LABOR J 

KFE ♦(0.3+Of 03 xT/403)xNE * 

KFH 4(0«60«0*027kT/»03}kNE I 
TL ■♦■{KFHxTr+KTE)*4Y( VBLK*TBLT<y ) 

IF AC > 4 then EL»EL*(0»5y»0«00018KMG?x4/VBLK ELSE 

COMMENT ENGINE MATERIALS J 

X>f ♦ i? . 5XTFF2 VO 3 xNXxunTTXC/C V BLKxTBXRTSTO T 

C'OHMENt" MATnTENANCE 'BURI)En Y 

MB ♦ 1.8x(AL^EL) I 
DM 4- AL4AM4EL4EM«HB I 
IF AC > 4 THEN DM ♦DMXl.lO J 


POC . ♦ . FC ♦FO+H I ♦OM_l 


« 




DOME! 

_EM^ 


WRltE(SALE#FMiT# AC»OE’VC#'TPC»N'U'NiTC‘oSf»tf^NifC'ciOoC»ro/OHVDV' 

_M6«?VCR»PAX)I 

Cost «• cost ♦ 6dCxvBLKKUxl,3972xN*i 
END i 

ENOi : — 

WR1TE(.SALE»FM6»C0ST#M*11T) j 

7 

GO TO L83J 


9 
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APPENDIX 5-D 


CTOL AIRCRAFT INFORMATION USED IN THE ROUTE MODEL 

5-D-l 

Nomenclature 

PAX - Maximum number of passenger sears on the aircraft. 

CRS - Cruise speed. 

MAXR - Maximum useable range at full passenger capacity. 

TCDL - Average number of minutes to take off, climb to cruise 
altitude, descend and land. 

3/8UR- 3/8 of the maximum range considered in the route model. 

UR equals MAXR for those aircraft with a maximum useable 
range less than 2000 miles. For aircraft with a maximum 
useable range greater than 2000 miles, UR is set at 2000 
miles due to the arrangement of the cities in the route 
model . 

1/4CUR- Cents per mile operating cost at one fourth of the useable 
range (UR). 

5/8 UR- 5/8 of the useable range (UR). 

1/2CUR- Cents per mile operating cost at one half of the useable 
range (UR). 

7/8UR - 7/8 of the useable range (UR). 

3/4CUR- Cents per mile operating cost at 3/4 of the useable range (UR). 

UR- Useable range considered for the route model. 

1 /8UR - 1/8 of the useable range (UR). This is the point below which 
aircraft are not considered, for any leg in the route model. 

The above information is portrayed in tabular form in Table 5-D-l. 
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CTOL AIRCRAFT INFORMATION 


AIRCRAFT 

L-1011 

747 

727-200 

DC-9 Series 30 

PAX 

300 

490 

178 

115 

CRS 

575 

625 

517 

557 

MAXR 

5290 

8000 

2300 

1725 

TCDL 

30 

39 

23 

25 

3/8UR 

750 

750 

750 

563 

1/4CUR 

223 

359 

133 

102 

5/8UR 

1250 

1250 

1250 

938 

1 /2CUR 

198 

335 

120 

87 

7/8CUR 

1750 

1750 

1750 

1313 

3/4CUR 

190 

327 

115 

83 

UR 

2000 

2000 

2000 

1725 

1/8UR 

250 

250 

250 

188 


TABLE 5-D-l 


5-D-2 CTOL OPERATIONAL DATA 


In order to compute operating costs for the CTOL aircraft, the 
following information was collected. 


— 

i 

Aircraft 

L-lOll 

747 

i 

727 

-200 

DC-9 

Series 30 

Maximum useable range 
(statute miles) 

5290 

8000 

2300 

1725 

Cruise speed 
(miles per hour) 

575 

625 

517 

557 

Horizontal distance traveled 
while climbing (miles) 

70.0 

92.5 

52.5 

60.0 

Time to climb to 
i cruise altitude (hours) 

.233 

.308 

.175 

.200 

Normal gross weight of 
aircraft (pounds) 

320000 

710000 

170000 

98000 

Empty weight of aircraft 
less engines (pounds) 

166441 

492280 

85412 

46365 

Maximum number of 
passengers 

300 

490 

178 

115 

Maximum speed (knots) 

515 

564 

530 

540 

Number of engines 

3 

4 

3 

2 

Thrust per engine 
(pounds) 

111060 

174000 

43500 

! 

. . 

28000 

Specific fuel comsumption 
at maximum power 

.339 

.350 

.600 

.590 

Weight per engine 
(pounds) 

6353 

8430 

3196 

3096 


TABLE 5 -D- 2 


V 




308 


APPENDIX 6-A 


AIR TRAFFIC CONTROL DELAY MODEL 


This appendix contains the delay model flow diagram, flormulas and 
actual computer printout. 

6-A-l Nomenclature 

RALT = Runway Altitude 

HSTURNO = High Speed Turnoff Placement 

PCT [l] = Percent of Aircraft Type I in Mix 

RCF = Runway Correction Factor 

CRLEN = Corrected Runway Length 

RLEN = Runway Length 

PAK = Equipment Package Identification 
LAMS = Total Operations per Hour 
LAML = Landings per Hour 
LAMT = Takeoffs per Hour 
AD = Air Delay 
W = Ground Delay 

T = Departure Followed by Departure Time 
F = Departure Followed by Arrival Time 
R = Runway Occupancy for Arrivals 
C = Commitment Interval for Arrivals 

A = Minimum Time Interval Between Consecutive Arrivals 


# 
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6-A-2 Flow Diagram 


The following is the flow diagram of the delay model. 

— Delay Model — 



Figure 6-A-l 
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Figure 6-A-l Continued 
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-A- 3 Delay Model Equations 


A1 = 3600/LAML 

Where: A1 is an intermediate step constant. 

G1 * A1 - R - Cl 

Where: G1 is an intermediate step constant. 

Cl = C 

A2 = G1 ** 2 + A1 ** 2 

Where: A2 ia an intermediate step constant. 

G1 ** 2 (G1)2 

A1 ** 2 (Al) 

G = 1/Gl 

Where: G is an intermediate step constant.* 

SI = FI - Cl 

Where: SI is an intermediate step constant. 

FI = F 

T1 = EXP (G * SI) 

Where: T1 is an intermediate step constant. 

EXP (G * SI) = e^^ ■ 

T2 = EXP (-G * T) 

Where: T3 is an intermediate step constant. 

T3 = 1 - T2 

Where: T3 is an intermediate step constant. 

W21 = Al * (T1 -1) - SI 

Where: W21 is an intermediate step constant. 

J1 = Al * T1 * T3 

Where: J1 is an intermediate step constant. 

J2 = J1 * W21 + T1 * (A2 * T3/2 - Al * T * T2) 
Where: J2 is an intermediate step constant. 

T4 = LAMT * J 1/3600 

Where: T4 is an intermediate step constant. 

WO = J2 * LAMT/(3600 * (1 -T4)) 

Where: WO is an intermediate step constant. 

W1 = A2/(2 * Al) - G1 

Where: W1 is an intermediate step constant. 

W = W21 + W1 + WO 

AD = LAML * A22/(3600 * (2 * (2 - LAML * All/3600))) 
Where: All = Expacted value of A 
A22 = Variance of A 
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6-A-4 Computer Printout 


t 


The following is the actual computer printout of the Delay Model written 
in the UNIVAC 1108 Algol computer language. 

aesiN ■ 


PROCEDURE CALRCF(RAUT»RCF) I 

REAC RACTT 

REAL array RCFI 
— - BESTliJ 

RCFC 1 D=. 03*RALT/1000+.99l 

TRCFC'2 1= .T9*RALT/&13015+V99i 

RCFC3D=.22*RALT/6000+,99I 
RCFC43=.2***RALT76T)06+.99» 
RCFC 5 ]=. 16*RALT/3500-«-. 99 1 


END CALRCFl, 


PROCEDURE CALER(RCF»RUEN>CRLEN»P*ER»HSTURN0) | 

ITiTESeR PI 

REAL RLENI 

REAL array CRL¥R7£R»R'Cr» hSTURNOT 

dEGlN 

integer r»'NT 

REAL array ERL»ERU,TURNOFCO:5]I 
FOR 1=1 STEP 1 UNtlL 5 DO CRLENC I 3=l.l*RCfC I D*RLE nI 
IF CRLENC13 LEO 5399 THEN GO TO ERR ELSE 

IF CRl-ENClT LEQ"-6l99---rHEN B£'6lN 'ETlLcn=27UOlXROClT=4'500lENO'”E SE' 

IF CRLENClI LEG 6999 THEN BEGIN £RLC 13=2900 1 ERUC 13=5oOO»EnD E SE 
IF CRLENCiTXtQ- ' 7999 ■THEN-B£'SlW"ETRLTr3=3050l'EROC13=5500l1END E 'SE' I 

IF CRLENC13 LEQ 8999 THEN BEGIN eRLC13=3200IErUC13=5900IEnD E SE 

IF CRLENCi3 LEQ 9999 " THEl^'ErEG IN eRLC 13=3350 |TRX»nT=6T0WND E SE“ 

t IF CRLENC13 LEO 10999 THEN BEGIN eRLCI 3=3500 »ERUC 13=6400 1 EnD E SE 

IF -CFn:rNriyXrQ ' 119^99 rHCN BE6!W E^fl3=3650TlROC 11=6606)^^^^ 
begin ERLC 1 3=3800 ' ERUC 1 3=6800 iENDI 

IF'CREENC2TXtQ'''5399''THEN-B£'6lNE3»LC2'3=TTO0TTRUt21=3e50ltND’"E'SE 

IF CRLENC23 LEQ 6199 THEN BEGIN eRLC23=1800|ERUC23=3900|EnD E SE 

IF CRLENC23 LEQ 6999 THEN BEGIN ERLC23=l9u6»TRUrZl=Iirj_0oi£Nt) E~ SE 

IF CRLENC2 3 LEQ 7999 THEN BEGIN eRLC 2 3=2000 1 EruC 2 3=43001 EnD E SE 

TF TIRLENrfTXE^Q '8^99 ■THEM-BEWEHLr21=2HI0lERUC23=4500 END'“E SE ' 

IF CRLENC23 LEQ 9999 THEN BEGIN £RLC 2 3=2200 »ErUC 2 3=4650 EnD E SE 

IF C RLENC 2 3 T:E^Q" ' lO 9WTHEM BEG IN' eKLC 2^=2^0 0 1 tRUC Z 3=4800 ' EnD ” E' SE ' 

IF CRLENC23 LEQ 11999 THEN BEGIN eRLC 23=2400|ERUC23=4950 EnD E SE 

• begin EREI' 2 J=25007ERUC 2 3=sl00 1 ENDI 

IF CRLENC33 LEQ 5399 THEN BEGIN eRLC 33=1100 »ErUC 33=2700 EnD E SE 

IF CRLENrsT LEQ -' 6199' rHEN BEsIN'El^LC yi=13O0TXRUt 31=2906* tNl) "E SE' 

IF CRLENC33 LEQ 6999 THEN BEGIN eRLC33=1450»ErUC33=3i00 EnD E SE 

Xr CRt ENC 3 T XEQ" ' ‘ 7999 THEN BE'Gl N eRLT 5 3= 16TJ OTBrUC 31=330 0 ^N^ E SE' 

IF CRLENC33 LEQ 8999 THEN BEGIN eRLC 33=1700 1 ErUC 3 3=3500 EnD E SE 

IF CRLENC33 LEQ 9999 THEN begin eRLC 31=T750 rERQr31=^500 EnO E SE 

IF CRLENC33 LEQ 10999 THEN BEGIN eRLC33=1750IERUC33=3650 EnD E SE 

IF CRLENC31LEQ X1999 THEN begin eBLT 3 3=1800 1 ERUr3 1=3700 XnD ' E SE ' 

begin ERLC33=1800>ERUC33=3700|ENOI 

TF CRLENCXl LEQ- *5399 THEN begin eRLC43=850 |ErUC41=2400‘ EnB "E SE ' 

IF CRLENC43 LEQ 6199 THEN BEGIN £RLC43=950 |EruC43=2s00 EnD E SE 

I F CRLENC4 T CE Q — 5999 — THEN BEGIN ERLC4 3=1000lERUC43=26BO~tND — E“SE “ 

IF CRLENC43 LEQ 7999 THEN BEGIN eRLC 43=10S0|ERUC 43=2900 EnO E SE 

TFXRtENC4T LtQ ' B999 THEN BEGIN eBLI43=10S0 |ERUC41=3200' End 'E SE" 
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IF CRLENC 43 LEQ 9999 THEN BEGIN pRU 43=1100 IErUC 43=3300 EnD E SE 
IF CRLEnuTXEQ i?l999 THEN BEGIN El^LC‘rJ=1160lEROC‘rj=3350~ENO' “E~sr“ 
IF CRLENC 43 LEO 11999 THEN BEGIN eRU43=1200|ErUC43=3400 EnD E SE 

begin' ER tC 43=i250l EROt 4]='3400 

IF CRLENC 53 LEO 5399 THEN BEGIN e^RLC 53=700 I ERUC 53=1700 EnD E SE 

IF ■CRLENC 5 T LEQ"“6l9'9"'TH£>l BEGlf/ ERLt 53=700 lERU[53=le50 EnD ' E SE 

IF CRLENC53 LEO 6999 THEN BEGIN eRLC53=700 |ERUC53=2oOO EnD E SE 

I F CRLEnc 5T"LE5 7999“thE1^B£g1N eRLITOTBD »tRUr57=2i50 En1T~E SE 

IF CRLENC 53 LEQ 6999 THEN BEGIN eRLC53=800 »EruC53=2300 EnD E SE 

IF CRLENcsT LEO ■ 9999 --THEN B£SlW'E^Lr53=900 1ERUC53=2400 'EnD*' E Sr' 

IF CRLENC 53 LEQ 10999 THEN BEGIN eRU 53=950 |ERUC 53=2500 EnO E SE 

■ ■■ IF CRLENC53 LES 11999 then BEGl^rEl»Lr51=I0003ERUCB3=2600 EnD EL' E ” 
begin EREC53=1000*ERUC53=2700iENDI 

" FCrR-7=T STEP 1 UNTIL b DO TURnOFC13^I 

FOR 1=1 STEP 1 until 5 DO pOR N=1 STEP 1 UNTIL P DO 

■■ TF 'HsTURNOtNT LEO -EffOnJ A»D H5TURNOrN7 SEO ERLri ]'TREN' 

TURNoFC I 3=TURN0FC I 3+1 » 

FOR 1=1 STEP ri^NTIL'E TJO IF TURN6FC13 ^QE- 0 THEN ERC j 3=4' £LSE 

IF TURNOFC 1 3 EQL 1 THEN ERCI 3=2 ELsE IF TURNOFC 1 3 EQL 9 THEN ERc 3=2 

else' erc 1 3=1 1 Bonro L'li 

err: write (*uNACEPT runway length* )» 


Li: ENO CALErI 



PROCEDURE CALRRATIN6(CRLENiER,PCT.RRATING) > 

REAL ARRAY CrLEN»ER»PCT» REAL RrATINGI / 

BEGIN I 

"Integer i'*'Wf 

REAL array RR»IRRC0;53» , 

I £ CRLENt 1'3 ■ LEQ 'SSQg'TREN' GO ' 'fO' ERR ELSE 

IF CRLENC13 LEQ 6199 THEN BEGIN 

IP ERC 13 EQL TTHEfTWC n=4Z ECST' i 

IF ERC 13 EQL 2 THEN RRC 13=46 ELSE j 

IF'ERC'i ■r£QL"3''fH£N RrC 13=50 ELSE RrC 1 3=59'£n 

ELSE IF CRLENL13 LEQ 6999 THEN BEgIN 

IF'ERrn' EQL " 1 'tHEn RRC13=43 ELSE ^ 

IF ERC 13 EQL 2 THEN RRC 13=47 ELSE 

IF EHCl3 EQL 3 THEN RrCI JsSI^'ETSE" RoTT^STTN 

else if CrLENC13 LEQ 7999 THEN BEqIN 

-- 1 .fNEN RRC 1 3=44' ELSE^ 

IF erc 13 EQL 2 THEN RRC 13=47 ELSE 

TF'EBC’iySQL 'S Then RRri3=52 ELSr R'RTi3=60 En 

ELSE IF CRLENC13 LEQ 8999 THEN BEGIN I 

rF^ERCil EQL r'THEN RRCIJ:^S^L5E 

IF ERC 13 EQL 2 THEN RRC 13=48 ELSE I 

IF ERC i 3" E'QL "3 "then ''RRC 13=5^ ELSE RrC "13=61 ^ N 
ELSE IF CRLENC13 LEQ 9999 THEN BEGIN 

IF ERC13 EQL "1 "then RRC 13=45 ELSE 

IF ERC 13 EQL 2 THEN RRC 13=49 ELSE 

IF ERC 13 EQL 3 ThEN RRC 1 3=5TT~ ELS£“ RRlTlSsel En 
_ ELSE IF CRLENC13 LEQ 10999THEN BEGIN 

"IF Eftcn'EQL 'rfHEN rRCI3=45 EL^^ 

IF ERC 13 EQL 2 tHEN RRC 13=50 ELSE 
IF ERCiJ EQL'3'tHEN RRCI 3 s5S ELSE RrC13x66 En 
ELSE IF CRLENC13 LEQ 11999THEN BEqIN 

IF EHC13 EQL F tHEn RRC I J=3»6“EL5E 

IF ERC 13 EQL 2 THEN RRC 13=52 ELSE 

IF ERC ll EQL 3 ThP^ RRC13=S8 ELSE RRC i 3=6a"1EN , 


ELSE BEGIN 


ELSE“ 


IF ERC13 EQL 1 THEN RRCU=53 ELSE 

IF ERClT EQL ^ Then RRC1^=6D else RRtlT=7Q'EN 'r 


IF CRLENC2D LEQ 4299 THEN SO yO ERR ELSE 
IF CRLENIT2T LEQ 5^99' THEN BTEsIN 

IF ERC2D EQL 1 THEN RRC 21=36 ELSE 


IF ERC2D EQL 3 THEN RRC23=40 ELSE RrC23=48 En 


ELSE IF >rLENT2T LEQ " 6199 then SEsTN^ 

IF ERC23 EQL I THEN RRC23=3? ELSE 

T F ERC 2 T E9L ' 2 THEN RRr2TS39 ELSE - 

IF ERC23 EQL 3 THEN RRC 21=41 ELSE RpC23=5l ^N 

ELSE' IF CrLENL2J LEQ 6999 THEN BEqIN 

IF ERC2D EQL I THEN RRC2I=38 ELSE 

TF ERC2r EQL "2TTHEN RRr2 3=49 ELSr 

IF ERC23 EQL 3 THEN RRC2l=42 ELSE RrC23=53 En 

ELSE TFCRXENT27 LEff 7999‘THEM 'JEqTN' ' 

IF ERC23 EQL 1 tHEN RPC 2 3=39 ELSE 

IF ERC2 3 EQL — 2 yHEN RRC23=4l ELSE 

IF ERC23 EQL 3 THEN RRC 23=43 ELSE RrC 23=55 En 

ELSE TF C'RLENr27 LEQ— -8999 THEW BEqTN^ 

IF ERC23 EQL 1 tHEn RRC 2 3=39 ELSE 

TF EHC 2 J EQL tHETN" RR r27=4E ELSE 

IF E«C23 EQL 3 THEN RRC2J=45 ELSE RrC23=57 En 

ELSE IF CRLeNL23 LEQ 9999 THEn REqIN 

IF ERC23 EQL I tHEN RRC 2 3=40 ELSE 


IF ERC23 EQL 3 THEN RRC 2 3=49 ELSE RrC 23=59 En 
else IF CRLENr2"J"L£Q" "IbWTHEN" BEqTH ' "" 

IF ERC23 EQL 1 THEN RRC 2 3=40 ELSE 

IF ERC23 EQL 2 yHEN RRClT=46-EL5E 

IF ERC23 EQL 3 ThEN RRC 2 3=50 ELSE RrC 2 3=60 En 

else TF CRLENr2'3 LEQ "liW9TH^^^^ 

IF ERC23 EQL 1 tHEn RRC 2 3=41 ELSE 
IF eRC 2 3 EQL 2 then RRC 23=4T ELSE 
IF ERC 2 3 EQL 3 THEN RRC 23=51 ELSE RrC 2 3=62 En 
^ 


IF ERC 2 3 EQL I tHEN RRC 2 3=41 ELSE 

2 3 EQL' '2' tHE'N R'RC'2T=4B ELSE 

IF ERC23 EQL 3 THEN RRC23=52 ELSE RrC23=63 En P 

TF'C'rEENCST LEQ' 2S99 then "SQ fQ Err else 

IF CRLENC33 LEQ 4299 THEN BEqIN 

rF EKC33 EQL — 1 yHEN RRC 31=30 ELSE 

IF ERC 3 3 EQL 2 THEN RRC 3 3=35 ELSE 

IF'ERCET'EQL 'S "t'HEW "ErC'SJ=38 ELSE RrC 3T=4I'En " 

ELSE IF CRLENC33 LEQ 5399 THEN BEqIN 

IF ERC 3T EQL T yHEN ERE 33=32 ELSE 

IF ERC 3 3 EQL 2 tHEN RRC 3 3=36 ELSE 

IF ERC 3 3 EQL 3 ThEN RrC 3 3=39 ELSE RrC 33=44 En 

ELSE IF CRLENC33 LEQ 6199 THEN BEqIN 

IF ERC3T EQL T fHENnRRE33=33 ELSE 

IF ERC33 EQL 2 THEN RRC33=38 ELSE 

IF ERC 3'J EQL 3 then ^Rt S3=4l ELSE RrC 3T=49 En ' 

ELSE IF CRLENC33 LEQ 6999 THEN BEqIN 

IF ERC 5 3 EQL — 1 tHEN RRC 3 3=34 ELSE ~ 

IF ERC 3 3 EQL 2 tHEN RRC 3 3=39 ELSE 

TF ERC3^ E«L 3 Then RRC 33=43 ELSE RrC 31=52 EN' '' 
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ELSE IF CRLENC3I LEQ 7999 THEN BEqIN 

IFTHryTTSL r“tHElsr RRC 3 3=35 EL3E 

IF ERC3D EQL 2 THEN RRC3J=4l ELSE 

IF ERC3D EQL'3 ThEN RRC3J=45 ELSE RrC33=54 En 

ELSE IF CRLENC3D LEQ 8999 THEN BEqIN 

IF ERC33 EQL '1 tHEN RRC33=36 ELSE 
IF ERC3D EQL 2 tHEN RRC 33=42 ELSE 
IFlIRrSl m 3 Then RRT33=4? else RrL53555 En ~ 
else if CRLENC3D LEQ 9999 THEN BEqIN 

IF ERC3I EQL ' 1 tHEN ‘ RRC 3 3=37 ELSE - 

IF ERC33 EQL 2 tHEN RRC 33=43 ELSE 

IF ERC33 EQL 3 THEN RRC33=48 ELSE RrC33F5B En 

ELSE IF CRLENC33 LEQ 10999THEN BEqIN 

IFTRC31TQL' 1 tHEn RRC3 3=38 ELSE 

IF ERC33 EQL 2 THEN RRC 3 3=44 ELSE 

IF ERC33 EQL 3 ThEN RRC33=48 ELSE RrCSI^sTEn 

ELSE IF CRLENC33 LEQ 11999THEN BEqIN 

■ IF ERC33 EQL ■ I tHEN RRC33=39 ELSE ‘ 

IF ERC3D EQL 2 THEN RRC 33=45 ELSE 

TF ERT41 EQL 3 Then R7»t33=4^ ELSE RrC 31=58 ^N * 

else begin 

' ■*" IF'ERCSl EQL” 1 t»En RRC33=40 ELSE 

IF ERC33 EQL 2 THEN RRC 33=46 ELSE 

IF ET^C31 EQL' 3 tnEN RrC33=49 ELSE RrC3T=59 En » 
IF CrLEN C43 LEQ 2999 THEN BpSlN 

IF EHC4D EQL 1 ^En QRC 43=20 ELSE - 

IF ERC43 EQL 2 THEN RRC 4 3=27 ELSE 

IF £T^C4l EQL 3 ThIEN RRC41=33 ELSE RrC43=39 En 

ELSE IF CRLENC43 LEQ 4299 THEN BEqIN 

*"■ IF ERC4rEQL' 1 then RRC43=22 ELSE " 

IF ERC43 EQL 2 tHEN RPC 4 3=30 ELSE 
IF ERC4TTQL 3 ThFN RRC’^TTsSS ELSE RrC 4 3=40 ^N' 
else IF CRLENC43 LEQ 5399 THEN BEqIN 

rF ERC4l"EQL 1 tHEn RRC43=24 ELSE 
IF ERC43 EQL 2 THEN RRC 4 3=31 ELSE 
-p, j EQL' 3 Then RRC4 3=37 else RrC43=41 En 
ELSE IF CRLENC43 LEQ 6199 THEN BEsIN 

' IF EKC 4 3 EQL 1 tHEN RRC41=2^ ELSE 

IF ERC43 EQL 2 tHEN RRC 4 3=32 ELSE 

IF ERC'4 3 £Ql"3 Then RRC43=38 else RrC41=42'En ■ 

ELSE IF CRLENC43 LEQ 6999 THEN BEqIN 

IF ERC 4 3 E0L"T tHEn RRC 43=26 ELSE ' 

IF ERC4D EQL 2 tHEN RRC 4 3=33 ELSE 
IF ERC43 EQL 3 Th^ T?RC43=3B ELSE RRr41=43 EN ” 
ELSE IF CRLENC43 LEQ 7999 THEN BEqIN 

IF ERt 41 EQL T" then RRC 43=27 ELSE" 

IF ERC43 EQL 2 tHEN RRC 4 3=24 ELSE 

jp ERC41 eql 3 Then rrc 43=39 else rrc 41=45 en " 

ELSE IF CRLENC43 LEQ 8999 THEN BEqIN 

IF ERC41 EQL ~T tHEn RRCR3=?ff ELSE “ 

IF ERC43 EQL 2 THEN RRC 4 3=35 ELSE 
IF*ERr41 EQL"3 Then ■ RRC43=41 else RrC 41=47 En " 
ELSE IF CRLENC43 LEQ 9999 THEN BEqIN 

jp EQL " I "then rrc 43=30 ELSE 

IF ERC43 EQL 2 tHEn RRC 4 3=36 ELSE 
IF ERC41 EQL 3 TRW RRI43=42 ELSE RrC43S4B En 
ELSE IF CRLENC43 LEQ 10999THEN BEqIN 

IF ERt 41 eql "I then RRC43=32 ELSE 
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IF ERC43 EQL 2 THEN RPC4J=37 ELSE 

TF ERC41’nJL“3 Th^ Fl?r4 3=44 ELSE RRr4T£49 EN ~ ' 

ELSE IF CRLENt4I LE« U999THEN BEqIN 

■ IF ERC41 EQL 1 tHEN RRC4J=34 ELSE 

IF ERII43 EQL 2 tHEN RRC4J=39 ELSE 
ERC43 EQL 3 ThEN RRC4J=45 ELSE RrC43=51 En ' 


else begin 


IF EKC4 3 EQL~r then RRT4 3=35 ELSE 
IF ERC4D EQL 2 THEN RRC43=4l ELSE 
IF ERC4T EQL 3 THEN RRC4J=46 ELSE 


RrC43=53 En » 


IF CrLEN C53 LEQ 2999 THEN Be®IN 

IF ERC51 TQL“ 1 tHEN RPC5i=2l ELSE 

IF ERC53 EQL 2 tHEN RRC 53=28 ELSE 

... rF~ERT5T EQL^3 Then RRC 5 3=3 J else RrC 51^39 En 

ELSE IF CRLENC53 LEQ 4299 THEN BEgIN 

" IF ERC5T EQL I THEN RPC53=25 ELSE 

IF ERC53 EQL 2 tHEN RPC 5 3=29 ELSE 

ERCETEQL 3 Then RRC53=34 else RrC5I=40 En 

ELSE IF CRLENC53 LEQ 5399 THEN BEGIN 

^ ERCFirrOL ' 3. then RW 5 3=27 ELSE ' 

IF ERC53 EQL 2 tHEN RPC53=30 ELSE 
IF'ERCSy EQL 3 ThEN RRC 53=35 ELSE RrC 51=42 En 


ELSE IF CRLENC53 LEQ 6199 THEN BEGIN 

" ■ IF ERC53 EQL ' 1 tHEN RPC53=26 ELSE 

IF ERC5D EQL 2 tHEN RPC 5 3=31 ELSE 

RrC51=36 else RrC51=44 En 

ELSE IF CRLENC53 LEQ 6999 THEN BEgIN 

. . jp ERCST rOL T tHEN RRC53=29 ELSE 

IF ERC53 EQL 2 tHEN RPC53=32 ELSE 

IF ERC51 EQL'5 ThEN RRC51=37 ELSE RrC51=46 En 

ELSE IF CRLENC53 LEQ 7999 THEN BEgIN 

TF~EHrS^T rQL 1 then RRT5 3=30 ELSE “ 

IF ERC53 EQL 2 tHEN RRC53=33 ELSE 
JP ERCSy EQL 3 Then ■RPC53=3B else RrC51=48 En 


ELSE IF CRLENC53 LEQ 8999 THEN BEqIN 

IF ERC5I EQL' I tHEn RRC53=31 ELSE' 

IF ERC53 EQL 2 tHEN RPC53=34 ELSE 

IF ERC53 EQLT ThEFT RPC 5 3=39 ELSE RrI 53=5(5 En 

ELSE IF CRLENC53 LEQ 9999 THEN BEqIN 

TF ERC53 EQL" I tHEN RPCSI=32 ELSE 

IF ERC53 EQL 2 tHEN RRC 5 3=36 ELSE 

IF ERC 5 3 EQL "S' Then RRC53=40 ELSE RrC53=52 En 

ELSE IF CRLENC53 LEQ 10999THEN BEqIN 

RPC 53=33 ELSE ' ' 

IF ERC53 EQL 2 THEN RPC 5 3=37 ELSE 
IF ERC53 EQL"3 ThEN RRC 53=41 ELSE RrC 53=53 En 
ELSE IF CRLENC53 LEQ 11999THEN BEgIN 

jF EQL '1 then RRC53=34 ELSE 

IF ERC53 EQL 2 tHEN RRC 5 3=39 ELSE _ 

ERt 5TTQL 3 T^^N RRC 5 3=43 ELSE RRr53=54 En 


else begin 

jP " 1 then' RRC 5 3=35 ELSE 

IF ERC53 EQL 2 tHEN RRC 5 3=40 ELSE 

IF ERC53 rQL '3 'THEN ■ RRC53S45 ELSE RrC 53=55 En Y 

FOR 1=1 STEP 1 until 5 DO IRRc I 3=RRC I 3*PCTC I 3» 

HHA T 1NG=1RHL13<-IRRC23*IRRC3 3»iRRC43-i>IRRC 53) GITTfli L2l 

err: write (.unaccept runway length* )» 
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L 2; e nd CAL RrAT IN3» 


PROCtDURE CALR(UAML*RRATINS.R,P«K) I INTESER PAKi 

■ real lamlVrratins;r j 

SE6IN 


iF 'LAML LEQ '20 ' Then R=RRAtTN6*(l.2l6-.0l0B*LAML) e^SE 
IF LAML LEQ 30 then R=RRATIN6*(1,1-,005*LAML) ELSe 
■ IF'LAVLn_E:i3‘4irTHOI"R=RRSTPfS*a.T)323-.OOZ75*LAML) ELSE" 

BEGIN IF rRATING GEQ 65 THEN R=RRAtINS*.925 ELSE R=RRAtIN6*,927 £ND| 

"IF PAK EQL 2 Then R= R*.90 else if PaK EQL 3 'then - R= R*.90 else 

IF PAK EQL 64 THEN R= R*,95 ELSE iF PaK EQL 65 THEN R= R*,90 ELSE 

IF PAK EQL '66' THEN' TRz F*'.85 ELSE IF PaK'EQL 67 THEN Rs R*.80 ELSE 

IF PAK EQL 68 THEN R= R*.75 ELSE IF PaK EQL 69 THEN R= R*,70 ELSE 

IF PFKTQL-70 THEN — R*.B5~EL^ TF PAX EQL 71 THEN RF R*.60 ELSE ~ 
IF PAK EQL 72 THEN R= R*,55 ELSE IF PaK EQL 73 THEN R= R*,50 ELSE 

IF PAK EQL 74 THEN R= Rs#iR5 ELSE IF PaK EQL 75 THEN R= R*,40 ELsE 

IF PAK EQL 76 THEN Rz R*.35 ELSE IF PaK EQL 77 THEN R= R*,30 ELSE 

■ IF PAK EQL 78 THEN Rr R#,Z5 FLSE IF PaKEQL 79 THEN R= R*.20 ELSE 

IF PAK EQL 80 then R= R*,15 ELSE IF PaK EQL 81 THEN R= R*.10 ELSE 

irFAK EQL S2 ThETT -R^Rnt.DSi ' 

'■■'ENoT - -- 

■ procedure CALLlTPC'TVCiVP'AKTi ' 

integer PAKJ 
retsl cn 

REAL ARRAY PCT» 

BEGTN 

real ARRAY CC0:5]» 

CriT=28^CC2r=19»CC33=l6TeC4lFi4rCC51=10J - - - 

Cl=cc 1 1 *PCTC I D+CC 2 J*PCTC 2 1+CC 3 ;i*PCTC 3 >C [ 4 3*PCTC 4 3+CC 5 D*PCTc 5 If 
IF PAK EQL 2 Then C1=C1*.88 else TF PaK EQL" 3' THLN eI-SL “ “ 

IF PAK EQL 24_ THEN ClzCl*,95 ELSE IF PaK EQL 25 THEN Cl=Cl*,90 ELSE 

IF PAK' EQL ^S 'THEN LrzCY^'.S's else "iP PaK' EQL' 27 Then ClsCl *.80 eLsE 

IF PAK EQL 28 THEN CizCl*,75 ELSE IF PaK EQL 29 THEN Ci=Cl*,70 ELSE 

IF PAK FQL' 30 Then LrzCy*V65'ELSE'lF PaK EQL' 31 THEN C1=C1*,60 ELSE ' 

IF PAK EQL 32 THEN ClzCl*,55 ELSE IF PaK EQL 33 THEN Cl=Cl*,50 ELSE 

Tf^PAK EQL 34 THEN ClzCl*745 ELSE IF P'aK KL 35 THLN C1=C1*,40 ELSE ~ 

IF PAK EQL 36 THEN ClzCl*,35 ELSE IF PaK EQL 37 THEN Cl=Cl*,30 ELSE 

‘TF PAK FQL 38 rriEN CIzn*;Z5 "ELSE IF PAK EQL'39 THEN C1=C1*.20 ELSE 

IF PAK EQL 40 then ClzCl*,l5 ELSE IF PaK EQL 41 THEN Cl=Cl*.l0 ELSE 

"TF PAK fql' 42' rniEM'Lizi:i*;u5T 

ENDT 

procedure calf I ( PCT » Fi VPAK )'f Y NT EGER FAR " 

REAL FH 

REAL" array PCTl 

BEGIN 

IntegErTTnI 

real array F»FFCo:5. 0:511 

Fri7lT=S6)FC i"»2Tz74iFTir3 jzfl3|Piri»41'=66lFC i,5l=86i 
FC2rll=56fFC2»2J=43IFC2»31=50fFC2»41=66IFC2»5l=86f 
Ft 5 Vi 1=56 ) FC 3 » 2 » FT 3 » 3 j=50i PE 3 » 4 5=66 f PC 3 » 5 1=86 1 

FC4,i]=56fFC4»2l=43fFC4»3]=50|FC4*41=66IFC4»5l=86| 

FL 5 , 1 1=56 1 1- C 5 . 2 J=43 1 FL 5 » 3 3=50 1 FC 5 » 4 1=66TFC Si?^86 T 

FFC0»0D=0IFFC0»ll=0fFFC0»2]=0|FFt0»31=0lFFC0»41=0f 
FDR"fzi'3TEP T WTL' 5 W FOR Nil STEF 1 UNTIL 5 qO 
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FFC I » N D=PCTC I 3*PCTC N 3*FC I » N 3 1 

FI=FFc1*13+I-FC1»Z3+FFC1»33+FFCi»43<*-FFC1»53* 

FFC 2 » 1 3+FFC 2 » 2 3*FFC 2 » 3 3+FFC 2 » *» 34-FFC 2 » 5 :♦ 

TFcy*n+FTC^»121+F|rC3»334TFr3»41<-FFT3>3T* 

FFC «* » 1 3+FFC 4 » 2 3+FFC 4 » 3 3+FFC 4» 4 3-fFFC 4 » 5 3+ 

FFC5Vl3+FFrSV23^+FFC-5-,33+PFT5^»4W 

IF PAK EQL 2 THEN Fl=Fl*,62 ELSE IF P^K EOL 3 THEN F1=F1,,66 ELSE 

“ir PAiTEQL 44 ThEN Fl=Fl*.9B ELSE IF P^K EftL 45 THEN FiaFl,.96 ELSE 

IF PAK EQL 46 THEN Fl=Fl*.85 ELSE IF PaK EQL 47 THEN F1=F1*.80 ELSE 

IF' PAK F®L 48 rHEN FI=Fr*;75' ELSr IF' PAX FaL 49‘THEN FIFFl* ,70 ELSF' 
IF PAK EQL 50 THEN Fl=Fl*,65 ELSE IF PaK EQL 51 THEN Fl=Fl*,60 ELSE 

TF PAK FQL 32 THEN'FI=Fr«;3Sr‘ELFE' IF FAX FQL 53 THEM FXsFI^.SO ELSE' 

IF PAK EQL 54 THEN Fl=Fl*,45 ELSE IF PaK EQL 55 THEN FlsFl#.40 ELSE 

IF PAK EQL 56 THE N F l± F l*.3b ELSE I F PaK EQL 5 7 T H E N F l sF I»,3D ELS E 

IF PAK EQL 58 THEN Fl=Fl*,25 ELSE IF PaK EQL 59 THEN F1=F1*.20 ELSE 

TF-PAK 5QU-55- THEW FlSFliFiTS -EL5r iF"FAX-EQL--6I THErrFtsFl*ilO ELSr 
IF PAK EQL 62 THEN Fl=Fl*.05l 


END I 


PROCEDURE CALT(LAMS*PCT,T»PAK) I INTEGER PAKI 

REAL LAMSrm 

REAL array PCTI 
BEGTN 

real array TT*TAMCo; 5»0:53I 
INTEGER TTNl 

IP LAMS leg 10 THEN TAMC1» 13=94,2 ELSE 

IF- lams 'leg '20 'THFW rAMriVnsWO' 'E^^ 

IF LAMS LEQ 30 THEN TAMC 1» 1 3=87,5 ELSE 

IF lams leg ' W Then TAMCiVns86V0^ 

IF LAMS LEQ 50 THEN TAMC 1» 1 3=86,0 ELSE 
TAMCl»l 3=86,01 

IF LAMS LEQ 10 THEN TAMC 1»23=85,2 ELSE 
IF LAMS LEQ 20 ThEN ■tAmYiV23='8T,'2' ‘EL^^ 

IF LAMS LEQ 30 THEN TAMC1»23=79 ELSE 
IP lams ■LEQ ' 40' rH£N TAM ELSE 

IF LAMS LEQ 50 THEN TAMCl >23=77 ELSE 
TAMCi>23=77,0» 

IF lams LEQ 10 then TAMC1,33=i00,8 ELSE 

■■ 'IF'LAFS LEG ' ?0 THFN‘ tXMrr>^T=83,2 

IF LAMS LEQ 30 THEN TAMC1>33=74,8 ELSE 
IF" LAMS" L'EQ "40" THFFT "TXflri">"3T=69; 4 ' ‘ XISF 
IF LAMS LEQ 50 THEN TAMCl >33=67 ELSE 

TAHCi>3J=57,0J 

IF LAMS LEO 10 THEN TAMC 1>43=96,8 ELSE 

■ if lafs^ leq ■■20"TH-EM"rAwr>4i=e5V5' K " 

IF LAMS LEO 30 THEN TAMC 1>43=78,5 ELSE 
irXAF? LEQ ^0" rHEM"TAMrr>"4"3=73",5 ELSE 
IF LAMS LEQ 50 THEN TAMC 1>43=70,4 ELSE 
TAMCi>43=57,5> 

IF LAMS LEQ 10 THEN TAMC 1>53=96,8 ELSE 
" TF^ XAM5 ■ LE® '^0 rHEN ' TA'Mt 1 > «=85 , 5 ELSE 
IF LAMS LEO 30 THEN TAMC 1 >53=78, 5 ELSE 
■ -TriAF5LEG'X0"rH£N"rA"MCl>S3=73,5'”EL5E 
IF LAMS LEQ 50 then TAMC 1>53=70,4 ELSE 

TAMCi>53S67,5I 

IF LAMS LEQ 10 THEN TAMC2>13=i 14,5 ELSE 
IF^l.AMSr LeQ “20 THFM rAMT2>n=l6T ELSE 
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IF LAMS LEQ 30 then TAMC2* 1 D=102,5 ELSE 

T*fl£Y»iT=100.0l 

IF LAMS LEO 10 THEN TAMC2*2]=110 ELSE 

" IF LAMS 'LPa 20 ThEM rAMr2V21='89 ELSE 

IF LAMS LEQ 30 then TAMC2»2]=78,5 ELSE 

'IF LAMS LEQ ‘^0 THEN^ rAMr2V23=72 ELSE 

TAMC2'23=69.0» 

■ “IF1.SMS LE®' " 10 theft TAMTJrS 3=79 TOE 

IF LAMS LEQ 20 THEN TAMC2»3D=69.4 ELSE 

" IF LAMS LEQ' ■ 30 THEN T^Mr2V37=6S;‘2 ' ELSE - 

IF LAMS LEQ 40 then TAMC2»33=62 ELSE 

IF LAMS LeQ'" 50 THEW TAMr2V31='59.8 ■ ELSE 

TAMC2' 33=59. 0» 

1F1:AM5 le^ 15 THEN TAMC2?43=i08,3 ELSE 

IF LAMS LEO 20 THEN TAMC2. 43=77,5 ELSE 

" IF LAMS LE<i ' ^0 THEN TA«IT2>4T=63.8 ELSE 

IF LAMS LEQ **0 Then TAMC2» 43=55,8 ELSE 

IF LAMS LEQ ' SO' Then T'AMt2V45=49.5' ELSE 

TAMC2»43=45,5» 

TIWC2 »53=TAMC2»43» 

IF LAMS LEO 10 then TAM[ 3» 1 3=145,5 ELSE 

"IF LAMS le® '^0 THEN TAMrSVl 3=126, 4 else 

IF LAMS LEO 30 then TAMC3. 1 3=117.3 ELSE 

TAMC3»1^=1X1V0V 

IF LAMS LEO 10 then TAMC3» 23=129 ELSE 

“IF lAms l^ ZO'ThEN TAMC3» 23=113.6 ELSE 

IF LAMS LEO 30 THEN TAMC3»23=106 ELSE 

TAMC3'» 23=151. or 

IF LAMS LEO 10 THEN TAMC3» 33=97 ELSE 

" IF LAMS leQ'“^0 Then T'AMC 3V33=84V5 " Else 

IF LAMS LEO 30 THEN TAMC3» 33=78 ELSE 

IF LAMS i_£Q 40 THEN TAMC3» 33=74 ElSE ~~ 

TAMC3»33=73.0» 

IF LAMS LEO 10 then" tame 3743=103^8^ 

IF LAMS LEO 20 THEN TAMC3»43=84.2 ELSE 
IF LAMS LEO’’ 30"ThEN fAMf3»4 3=75V 
_IF_LAMS LEO 40 THEN TAMC3t43=ft9.5 ELSE 
TAMC3»43=67,0» 

TAMC3»53=TAM[3»43» 

‘XF lams' leg "16‘ Then tAM'C4'» 13=1 57 ''' "FlsE 

IF LAMS LEO 20 THEN TAMC4»13=150,2 ELSE 

IF LAMS LeO 30 THEN TAME 4*1 T=i 46 ElSE 

TAME4»13=143,0» 

'TFn. AMS l'E<5 15 ThEN'T'AmC 4* 23=143 EL^E 

IF LAMS LEO 20 THEN TAME4»23=l36 ELSE 

TF LAMS "LEO " ^0 THEN TAmX4*'2]=i31,"5"El5E " 

TAME4*23=143,0» 

IF LAMS L'eO 'IO THEN'T'A'Mf4»'3'3=l'33.'8 ElSE 

TAME4»33=100,OI 

TF ' LAM5”le^ I5“THENn'MMn»7in=iT475'XLXaE 

IF LAMS LEO 20 THEN TAME 4» 43=91 .2 ELSE 

IF LMM5 LEO ” 30 THEN' TAmC 4»43=8i .8 ""El5E 

IF LAMS LEO 40 THEN TAME4»43=76 ELSE 

TAMt4V4l275.d> 

TAME4»53=TAME4»43» 

TAMC5»l3=TAMC4»l]ITAML5»2j=TAHC4»23lTAHC5»334iTAMC4»33l 

tame 5»43=TAMC4»43I TAMC 5»53=TAmC4»53I 

TTC 0 » 1 3=0 ITTE 0 » 2'3=0 > TTC 0 »'33=0 iTTE 0 » 4 3=0 ) tTC 0 » 0 3=0V" 
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FOR 1=1 STEP 1 until 5 DO FOR N=1 STEP 1 UNTIL 5 dO ' 

TTC I , N ]=PCTC I ]*PCTC N 3*TAMC I * N ] I 

T=TTC 1 » 1 J+TTC 1 » 2 3+TTC 1 » 3 1+TTC i » 4 3+TTC 1 » 5 5+ 

TTC2Vi JmC2V2T+TfC2i33VTTC2*41+Ttt^»15T+ 

TTC 3 . 1 3+TTC 3 » 2 D+TTC 3 » 3 D+TTC 3 » 4 3+TTC 3 » 5 a* 

Ttc4Vl^+TTC4»2T+fTCVi3D+fTC4»43+Ttt‘^ 

Ttc 5 » 1 3+TTC 5 » 2 3+TTC 5 » 3 3+TTC 5 » 1+TTC 5 » 5 D » 

IP PAK eoL 2 Then t= t*, 4 $ else ip eql 3 then — r= t *.45 else 

IF PAK EQL 4 THEN T= T*,95 ELSE IF PaK EQL 5 THEN T= T*.90 ELSE 

IF PAK £QV6 - rHEN'T=T*;B5‘ ELSE "IT PaX EOU'T'THE^f T£ T*iBO' ELSE 
IF PAK EQL 8 THEN T= T*,75 ELSE IF PaK EQL 9 THEN T= T*.70 ELSE 

IT PAK 'EQL Io 'ThEN T= T^.'SS -ELSE iF TaX EQL 11 THEW" T2T T*.60"ELSE 

IF PAK EQL 12 THEN T= T*.55 ELSE IF PaK EQL 13 THEN T= T*,50 ELSE 

IT PAk EQL 14 Then T= T*,4S else if PaK WL~15 then T= T*V46“eLsET- 

IF PAK EQL 16 THEN T= T*,35 ELSE IF PaK EQL 17 THEN T= T*,30 ELSE 

IT PAX ESL 18 then Tr 'Tif'.ES ELSE iF'TaX EQL 19 THEW TS TiTiae ELSE 

IF PAK EQL 20 THEN T= T*,15 ELSE IF PaK EQL 21 THEN T= T*,10 ELSE 

TF T'ak EqL"22 ■ThEN' Ts ' 

ENO» “ 


■pTocEDUX£"*C:ALAlLAMLVPETVAri;*22»TA 
integer PAK» 


AiiVA^aT 

PCTI 


real laml» 

REAL ARRAY 


begin 

INTEGER I,J»K» 

■ rEaL"arraT' AAmc'o;^* 

IF LA ML LE® 1® THEN 
IF' LAML LEQ Eff 'THEff' 
IF LAML LEQ 30 THEN 


0:5 3'»TERMC0T253VAr6rS»^ 
AAMCl»n=l79.o ELSE 


IF LAML LE® 90 — TREW 
IF LAML LE® 50 THEN 
A A MC 1 » 13=1 62.0 f 
IF LAML LE® 10 THEN 
IF lAml le®''20" thEn 
IF LAML LEQ 30 THEN 


AAMcivnsira 

AAMC1.13=16B 


AAMC1»13=165 
AAMCI. 13=164 


ELSE' 

ELSE 


else 

ELSE 


IF LAML LE® *^0 
IF LAML LE® 50 
AAMnv2j=i7'6;irr 
IF LAML LEQ 10 

IF EAML LEQ’ 2® ' 

IF LAML LE® 30 


AAMC1»23=190 
AAMCiV2’3=i84 
AAMCI. 23=181 


then AAMC 1.23=179 
then AAMC 1.23=177 


0 ELSE 
bTLSl' 
fl_ELSE 


0 ^LST 

0._?LSE 


IF LAML LE® 40 
IF LAML LE® 50 
AAMCr. 3 3=i74.'0»‘ 
IF LAML LE® 10 
TF LAHL lE®' 20 
IF LAML LE® 30 


THEN 

THEN 

then 

THEFT 

then 


AAMC 1.33=220 
AAMCiV3T=200 
AAMCI. 33=189 


AAMC 1.33=182 
AAMCI. 33=178 


0 else 
o'Else 
oelse 


0 CL5E" 
&_else_ 


then AAMC 1.43=226 
THEN A'AMC l .43=212 
then AAMC 1.43=204 


THEN AAMC 1.43=199 
then AAMC 1.43=196 


0 else 
0 Else 
ilElse 


IF LAMl LE® “FO 
IF LAML LE® 50 
X AMC 1 . 43= i 9 370 V 
IF LAML LE® 10 
TTXXML lE® '2^ 
IF LAML LE® 30 


else 

ELSE 


IF LAML LE® 4U 
IF LAML LE® 50 
■AAHTZ.13=i06.1IF 


THEN 

THEM 

then 

THETT 

THEN 


AAMC 2. 13=136 
AAMC2»i'3=l2l5 
AAMC 2. 13=116 


AAMC2VH=ilI 
AAMC 2. 13=108 


0 else 

o'Else 

0 else 


else 

ELSE 
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IF LAML LEQ 10 then AAMC2»23=176,o ELSE 

IF LAML leg 20 Th£N AAMC 2» 2lr 140 , q ELSE' 

IF LAML LE® 30 THEN AAMC2*2:=125.o ELSE 

■ IF LAML LEO ‘>0 ThEN AAMC2V2]=116,o ElSE 

IF LAML LE® 50 THEN AAMC2»2I=lll.o ELSE 

■aamC2V2D=1i1V0'»’ 

IF LAML LEO 10 then AAMC2»33=161.ci ELSE 

^F Laml lE® ^ Then A^Mt2»lT=133,o else 

IF LAML leg 30 then AAMC2»3D=120,o ELSE 

■■■ IF LAML' leQ '^0' ■ Then ' AAMf2V33=i 11,0 else 

IF LAML LE® 50 THEN AAMC2»3]=107.o ELSE 

AAMC2»3]=iO'3.0I ' 

IF LAML leg 10 then AAMC 2^43=233,0 ELSE 
"IF LAML“lE® 20 ThEFT'AT^MC 2 » 4 3= 1937o ELSE 
IF LAML LEO 30 THEN AAMC2»43=l76,o ELSE 
""IF LAML leg 40 'THEFT AAMr2"» 43=1 66,0 ELSE 
IF LAML leg 50 THEN AAMC2»43=161,o ELSE 
'■ AAMC2»43ri6i;0T 

IF LAML leg 10 THEN AAM[ 3» 1 3=144, q ELSE 

IF" LAML leg 20 Then AAMC3» 1"3^^9 , 0 TLSE“ 

IF LAML leg 30 THEN AAMC3»13=122,0 ELSE 

■ IF LAML'LE® 40'"THeNr'AAM'C3»n=117,o'EL5E 
IF LAML leg 50 THEN AAMC 3» 1 3=113,0 ELSE 

"AAMC3»13=li'0.0» 

_IF_LAML_L£Q _10 _THEN_AAM^3_»_2 3=121,fl ELSE 
IF 'LAML leg 20 Then A amc 3* 23=108,0 Else" 

IF LAML leg 30 then AAMC3»23=102,o ELSE 

IF LAML' leg 40'' then AAMC3V23=98,0 "ELSE' 

IF LAML leg 50 THEN AAMC3*23=96,0 _ ELSE 

AAMC3»23=93,'6i 

IF LAML leg 10 then AAMC3»33=160,o ELSE 
IF" LAML LEO 20 THEN AAMC 3*33=138, o^^SF' 
IF LAML LEQ_30 THEN AAMC3»33=129,o ELSE 
IF"L"a"ML" leQ 40 'then AAmC 3*33=122,0 else 
IF LAML leg 50 THEN AAMC 3* 33=118, o ELSE 
'A'AMC'3'*3'3=li5',"0'»' 

IF LAML leg 10 then AAMC 3* 4 3=184, q ELSE 
TF LAML'lE®”^ then AAmC 3*43=161 ,'o' F l'SF 
IF LAML LEO 30 ThEN AAMC3*43=151,o ELSE 
— IF ■LA1(IL”leQ' ait "THEFf ' AAMC 3 * 4T=i'45 , o FLSE 
IF LAML LE® 50 THEN AAMC3*43=141,o ELSE 
AAMC3*43=i4r,0T'"" 

IF LAML leg 10 THEN AAMC4* 1 3=136, o ELSE 

IF LAML leg 2U ThEN AAMC4* 1'3^2,o “EISF 

IF LAML LEO 30 THEN AAMC4* 13=101, Q ELSE 

"IF' LAML'le® '^0"'ThE'N AAmC 4^13=97.0 ELSE' 
IF LAML leg 50 THEN AAMC 4* 1 3=97,0 ELSE 
"AA'MC'4* 13=97, 01 

IF LAML l eg 10 THEN AAMC4*23=l39,n ELS E 

IF LAML leg 20 THEN AAMC4*23=122,o ELSE 

IF LAML leg 30 THEN AAMC4*23=114,q ELSE 

IF LAML LE® *^0 THEN AAMC 4^2 3=10'9,o ELSE 

IF LAML LEO 50 THEN AAMC4*23=108,o ELSE 

■■"AAMC "4 » 2 3=1 0'e". 0» 

IF LAML LEO 10 THEN AAMC 4* 33=149, o ELSE 
IF LAML LE® ■20“ ThEN"AAmC 4*33=130,0 ElSE 
IF LAML LEO 30 THEN AAmC4»33=121,o ELSE 
IF' LA"«L" LE® A Amc 4 * 33=1 i 6 , o PLSE 
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IF LAML LEQ_ 50 THEN_AAMC 4» 33=115, Q ELSE 

~ AAMCl+» 33=115. OT 

IF LAML LEQ 10 THEN AAMC 4» 4 3=179, q ELSE 
IF LAML LEO 20 ThEN AAMC4»43=i48,o ELSE ' 

IF LAML LEQ 30 then AAMC 4» 4 3=136, q ELSE 
IF LAML LEO 40' THEN AAMC4»43=l2a.o ELSE 

IF LAML LEQ„50 ThEN ^MC ‘^43^124,0 ELSE 

AAMC4»43=i20.0r 

AAMC1»53=AAMC1»4DJ AAMC2»53=aAMC2»43I AAMC 3»5 3=AAMC 3»43I 
A AMC 4 . 5 3=A AmC 4 . 4 3 1 ' AAMf 5 » 1 3=A'AMC 4 , 1 3 » A AMC 5 » 2 3=AAMt 4 , 2 3 1 
AAHC5.33=AAMC4»33 j AAM[5»43=AaMC4,43i AAMC5»53=AAMC4,43I 

K=0I ' 

FOR J=1 STEP 1 until 5 OOFOR 1=1 STEP 1 ^NTIL 5 00 Be6IN 
ACI»U3=AAMC1',j3» 

IF PAK EQL 2 then AQ I » J3=AC 1 » J3*,88 eLSE 

IF PAK EQL 3 THEN ACirUT^iAri » J3*.88" ELSE 

IF PAK EQL 84 THEN AC I »0 3=AC I * J3*,95 ELSE 

IF PAK EQL 85 THE3^ ACI.J3=AriVJl*,W E^-SE 

IF PAK EQL 86 THEN A[ T » J3=AC I » J3*,85 eLSE 

IF PAK EQL 87 THEIT TVlTTi J3^nTn*,8lT eI-ST 

IF PAK EQL 08 THEN AC I » J3=AC I * J3*,75 ELSE 

IF PAK EQL 89 THEN ACIVJ3“AriVj:i*.70 e^-SE 

IF PAK EQL 90 then AC I » J3=AC I » J3*,65 eLSE 
IF PAK' £QL"9r ■■ then Ac I'» J3-At r* 60 eLSE' 

IF PAK EQL 92 THEN Ac I » J3=AC I » J3<t,55 ELSE 

IF PAK' EQL 93 THEN ACT » J3=AC I » J3*,50 E^SE' 

IF PAK EQL 94 THEN AC I . J3=AC I » J3*,45 ELSE 

IF PAK EQL 95 THEN Ac'IVJTsACr'U^iV^O sT_SE 

IF PAK EQL 96 THEN AC 1 r J3=AC I » J3*j^35 pLSE _ _ 

IF PAK EQL 97 THEN AC IVJ3=AC IVJ3*,30' ELSE 

IF PAK EQL 98 THEN AC I » J3=A C I » J3*,2 5 ELSE 

IF' PAK' EQL 99 'fHEN AcT» J3=AC I » J3*,20 e^SE 

IF PAK EQL lOQ THEN ACI»J3=ACI»J3*^15 eLSE 

IF 'PAK EQL' IOI THEn 'AC I VJ3=AC I *'j 3*, i'O eLSE 

IF PAK EQL 102 THEN AC I » J3=AC I * J3*j05» 

KF'K'n'r' rERMCK'3=PCTC 1 3*PCtC J3^ I » J3» 

END? All=0» . 

FTTr' K ^'sTEP' r until 25 DO All = A 1 i+TERMCK3# 

FOR*J=T"sTEP I OnTIL' 5 DO'I^OR "T^I STEP i UNTIL' S DO' 0eGIN 

K=K+1» TERMCK3= PCTCI3*PCTt J3*(AAMCI» Jl**2) » 5^0* A22=0I 

FOR K=l''STEp r UNTIL '25'DO A22='A22+TERMCK1I 


~END' ' CAEAT 

procedure DELAYlLAHLVA,B»T:»QiE,WrAT)VPA10 1 

REAL LAMLfW»AD» . * ' ? _ INTEGER PAKI 

'BEGIN 

heal Al»A2*G»Gl»Sl#T»TlfT2»T3»T4»Ji»J2»W0»Wl»W2^ W2 1»prFl rClrRLCN» 

LAMT.LAMS» A22> 

real array rCF.CRLEN»ER»PCTC0;53,HSTuRNOC0:103,fC 0;25»0!253» 
PFto;5.0t51» 

integer P» _ - - - 

RLEN=9?o0T 

P=3 1 HSTURNOC 1 3=3000 1 HSTURNOC 2 3=4500 1 HSTURNOC 3 3=62^ I 

RALT=4800r 7“’ ” . 

PCTC 1 3=A » PCTC 2 J=B I PCTC 3 3=C I PcTC 4 3=0 I PCTC 5 3=E » 

LAM's= 2*L'AML V ' L'AWT=I.AML'r 
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CALRCF(RALT»RCF) I 

'CALAtLAML*PCT7ffn *Ai'2»P4KJ » 

C ALEr ( RCF * RLEN » CRLEN . P » ER » HSTUrNO ) » 

C ALRRaTING ( CRlEW» E1^ »PCT, RrATINqT I ■- 

CALR(LAML»RRATING*R»PAK) I 
C AL^TiTPC T 1 » p AKT f 
CALFi(PCT»F1.PAK) I 

CAUtTl AmS » pc T , T » PA^) 1 

A1=3600/LAML» 

ei=Ai-R-cir " *■■■ 

A2=G1**2+A1**2» 

S=i/Gl» 

Slrpi-Cll 
T1=ExP<6*S1 ) t 
T2=ExP(-®*T) » 

T3=i_T2> 

W21=Al*(Tl-l)-Sl» 

Jl=Al*Ti*T3f 

J2=J1*W21+T1*(A2*T3/2-A1*T*T2) » 

T4=LAM“T*J1/3600» 

W0=J2*LAMT/(3600*(1-T4 ) ) f 

■wi=A2/(2*Al)-Sif 

W=W21+Wl+W0l 

■ AD=lAML*a 22/ (3600* V2i' f i-LWLVAii7 

End delay j 

REA«- J1*J2,tA»W0»LAMT»F1»w1»R»C1,T»Ai»G1»A2»S»S1»T1»T2»W21,LAmL»A,. ,c» 

D»ErAovw»Au;A2'2r tnteger pakt 

FORMAT F7(X20»’AIR AND SRQUND DELAy» »Al. 1) » 

format F2 ( X9 , * OpNS/riR » rx5 » » A IRUELAy t Vxg » * SROUNDDELAy » V A1 , 1 > i 

FORMAT 

F3 ( X20rr^=O.O*»X2» »B=0.0*»X2»»C=0 ,o»»X2»*D=1.15'»'»X2»'E=o.O»»A1.1) 

FORMAT 

F4(X26V*AV0V6'rx27‘*B=0.'0*VX2V'»C=0r2»Vx2r»D=0 

FORMAT 

F5(X20V*A=0V2*'rX27»B=0;0*7X2V^C=0r6*Vx27VD=O;'2»V^^^^ 
format F6(X9»D7.2»X5,07.2»X9»07.2,A1) f 

FOR pAK=l STEP 1 UNTIL 3 DO BEGIN 
WRITE(*PAK=« ,pAK) I 

A=d7o7 B=o7o»‘ CsoVoY DslVdV 

WRITE (F7)» write (F3) » WRITE (F*) » 

FOR L A‘ML=B step 1 ONtXL DO 

BEGIN 

DELAY(LAML*A*B»C»D»E*WrADrPAK) ’ 
write (F6#LAML»AD»W) > END» 

A=0V6V B-O.Or' C=o 74T' ' 0=0 £=0V6f 

WRITE (F7)l WRITE (F4) I WRITE (Fg) » 

FOR LA'Ml= 5^ STEP I ■ UNTIL i'9 DO 
BEGIN 

DELAY(LAHL»A»BrC»D,E.W»AD»PAK) ’ 

write (F6»LAML»A0»W) » ENO» 

AP072r B=070r- 020761' ■D=0,2T W 
WRITE (F7)» WRITE (F5> I WRITE (F#) » 

FOR LAMl=5^ STEP 1 UNTIL 19' 130 
BEGIN 

delaY(laml>a»b»c*o»e>w»ao7PAk)> 

write (F6»LAML»A0»W) I ENOI 

tND» ■ ■ 
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A=,10» BS.45J C=.i2l D=,13» E=,20» 
POR CAMl= 5 STEPI U^JTIL l9 Do 
FOR PAK=1 STEP I UNTIL 102 DO BEGIN 

WRlTr (F7) » WR^TE ■ (F5) T 'WRITE (Fg) » 
OELAY(LAML»A*B»C»D*E»W»AD»PAk) » 

write (F6»laml»ao»w)t cndi ‘ 

END, 
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APPENDIX 6-B 


AIR TRAFFIC CONTROL COST MODEL 


6-B-l Cost Model Flow Diagram 



Figure 6-B-l 
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6-B-2 Computer Printout 


The following is the actual computer printout of the Cost Model written 


in the UNIVAC 1108 Algol computer language (for unidentified nomenclature 


see Appendix 6-A) . 
iNTtSER tl 

F OR £=1' STEP 1 I jNT I L 36 ' UO" 



INTESEK I,L»J»SEP»EXTrCLR*l0»N»M(.LCTOL»U,V»*l»X^Y»Z»Uu»VV, 

ww;'xxvkvpv<5Vnotht 
iNThtiER JOL» 

... INfr<5£R'ARRAYMrxr6T25rrCri5cffriiVoy5J»rAPI0TlTT,TM^ 

i.AMStom j*cTLCo:ii3,LSToi-co:ii3»''cnojii»o:5T» 

^(-CLto:n»o:hj»Ato:ii3»0CO5n3» 

RWSTOLC 0 : 1 1 3 * RWCTOLC 0 : 1 n » NOACC 0 ! s D » 

'iNfE^EH «RRAy C rOLAPCoTlTlVSTOLAProfll vSTCTAPtO-J IITT 

REAL AArBH»CAREAl,SAREAl»«;ExAREAlrCEXARtAl»CTAXIl»STAXH» 

CAREA2'» SAREXaVSCXARETAa » CFXlfRf A?,-CTAKIZ»ST a'XT2VA1^REsT ' 

REAL array WCMAXC0:113» PcTOLC0:11»0:&3»PJ»TOL[0:11,0:53» 

r PCTCoill>OiS]>PS C U ;ll J»CT oTARfAC0;i 1 j>bTOiAREAL0riIT» 

CTOTEXro:ilJ»STOTEXCO:il],CAVETAXlCO;ll3fSAVErAXICO;H]» 

TOTOP'SC n S3 3 »ToTC 0 AVEffRDELAYr 0: 53 ,50Mt OS 53» 

AVEAIr0ELAYC0;5 J»GSOELAYCo:113,SCDELAYCO:i13»ASDELaYCOSi13» 

ACO^UYtoTiy3VtOTLTNPtRWfo;U3VPCTroyiiro:53»l*SMAxIO:^ 

format TRK »ps=» »010,5»AD J 

format TR2( » A=’ »D10.5r •B=* *010.5» AD I 

FORMAT TRA( *CX=» »010,5»A1) » 

, f ,04,2, , , f , Af) I 

format TM2(*27’ ,I3,I10,I10»I10»110»I10»I3»A1) I_ 

FORMAT TM 1 ( i 23 *' iT 3Vi V6 , 1 10 f 1 i'O ♦ T 1 0 ► 1 1 0 » 13 » A 1 ) I 

Format EF(*24*>I4,I5>l5»I5,15»lh»15,Al)l 

FORMAT ORl (A, 12, Il» I2» I5» I5,I5» I5»I5»IvI5»15»lS)| 

format UR2(A,I2»I3»I5jI5»I5,I5»I5) » 

^ '0R3rAri2Vl'3rT5,'08,'3» I5»i>8,3,D7»3)'l 

format DR30UT( I2» I5» 15*08.3, 15*08, 3»D7^3» ad » 

Format' DR 20UTfi2» *5* rs’* i5'*i'5* 15 , a'd » 

format DR10UT( I2*I 1*I2*I5*I5*I5*I5*1s»15*I5*I8*18*A1M 

format FMT(A,H0)» 

FORMAT FMTK ’ERROR IN CALCULATING A/C CLASS PCT**Ai)» 

FOKMAT 'FM'T2TyN0MBe'R' OF rUN'WAYS TOO l-ARS't*,AiD 

FORMAT FMT3t ’WRONG SET oF INPUT UATA’,AX)I 

iroRMAT 'F'Mr4 SELE'CTyON 'OF 'A'l'RpORf '^ONFTGURATIIJ n INCIIRr^CT^ ,HiT i 

FORMAT FMT71 ’AIRPORT TYpE IS IN ERROR’, Al)» 
f orma t LFFHEAdA(X18*’C0N I RUL ' OUTPUT H)R EFFECTIVENESS iuata NO. 24i ’* 
Al) > 

■'F0RM'AT''eFFMEAD8'(’i:iTY’ *')(7* ^AfR 'HOLO ■flM£CMl'NT:*'’>t6*’eR0 ^OLD 

’CMIN3 : ’ *X4, ’AVE TAXI tIMECMINI: ’ *A l) I 
'FO'rM'AT £FFHEADC'(XI;’N0,’'*X8*'’ST0'L'’','X5*’C'T0L»*'X13, YSfOt ’CTOLS^ii, 

’STOL’ *X6* ’CTOL’ ,A1) > 

Format EFF0ATA{I3*X9*I4*X5»I4,X15,I4,X5»I4»X11*14»X6,I4»A1) I 
format TERMHEA0A(X18* ’CONTROL output FqR TERMINALS (DATA NO. _23) * ,AD l 
■ FOrM'AT' T^RM'HE'aD'B'(X 2* ’CiyT’ *'X3‘, fT’OTAL 'R uN'WAY ACRyA:* ,X2» ’EXCESS rOnWAY’ , 

’ acres; ’*X 2, ’LINEAR pEET 0F’,A1)» 

Format TyRMHEAD’C'(^3*'*'NO',’'*X5, ’'ST'0L’''*'X5VyCT()L’ ,K8, *ST0L* ,X5, ’CT0L*,^8» 

’CTOL runway, ,XS* ’StOL RUNWAYS’ * Al) » 

F orma t TERMDATA(X3 *12*Xb*lb,X3*!6,X6*l6»A3*I7>XE*IY*X14,l2,ADi 
FORMAT ACHEADA(X21*’ CONTROL OUTPUT FOR AIRCRAFT (OATANO, 25)*,A^)| 
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format ACHEADbIxT/'A^/C IUENr. ‘NOV»;Xl2, »AVE. ground hold TinE*»x6» 

•AIR HOLD TIME* »A1) I 

Format J\C[JATAmi»I2»X29»D5.Tiir23,l55.2,AI)l ~ - " 

FORMAT STAR(100( •♦• ) »AJ ) » 

Format eject (E2)> ' 

format RMl(t No.»»I 3»» RUN»»lll»f MlNyTES M»X. DELAY*»X7» 

•NO. * control FACkaGET* ,I12» * DOLS CTR COST 4t*»Al)> 

format RM2(^*i,I2»^*^»I3r^ ♦•*I3»^ *'»T5»^ *•» 

• **» 13 »* *♦» 

13,1 ♦•»I3»* ♦•flS,* ♦•»I3»^ ♦•»I5,* ♦•»12,»**,Ai)l 

Format RM3(^*i',i4'»‘ '*• ,i 4;'»^ '♦•,d4';2 ‘, ♦*»ai)I' ' 

procedure AREA(CTOLVSTOL»LCtOL,LSTO •SEP»CLH,EXt, ■ 

CAREA,SAREA,cEXAREA,StXAREA,CTAXl,STAxD » 

■ ~ Integer ctoL7Stol,t:ctol,l5to »sep,clr,exti ' 

real CAREA,SAHEA,SEXAREA,cEXAREA,STAX1»CTAXII 
’begin ■ ■ ■ ■ 

real Cx» 

INTEGER KT ' 

JC^0MMENT_CHECK for CTOL equal ZEROj 

If TtOLTLEq "D then HEGTn CAREArO.niCEXAREArO.OTGO TO H E~NO»“ 
C AREAS ( LCTOL+2 . 0*EXT) * ( cT0L*SEP-SEP+2. 0*CLR+150 , 0 ) » 

» Comment check for ctol eql zero» 

Ll’: IF STOL LEO 0 Then begin SaREA=0,0» SEXAREa=0,0» go to L2 

END> 

SAREA=(T^To +2.0 *ExT) *( sT0L*SEP-5EP+2.0*CLR+i5b,0) > 
SEXAREA=SARtA-(150,0+2.o*CLR)*(LSTO +2.0 *EXt) » 

L2‘: K=oicx=n.Oj 

l3: x=k+i» 

YF KSfR STOLTHEN GO to L4> 

ICpMMENT_ CX JS MERE LEN GTH O F RWAY TlMES_OJST FROM LEFT F0R_ST0LI _ 
CX=CX+(LST0 *SEP*(K-1))I 
30 TO L3» 

L4‘: k=oY 

Lb: K=K+U 

■ IF K GfR'CtOL ’then GO’ fo'^ " 

• comment CX here is DIST times RWAY LEnGTH_F0R_ST0L ANO CToLi 

CX=CX+(LCT0L*(ST0L+K-1)*SEP) I 
GO TO L5> 

rco'MMENf’ cx here IS RWAY Length YYme^^ dist’ pivideu by total length f ’ 

L6: CX=CX/(ST0L*LST0 +CTOL*LcTOL) » 

I comment CX’ IS distance’ tO’’CENtRO’Ib , ’ STATt calculating fAX’l TIMe I 
K=o> STAX1=0.0» 

lTT K=K+H ■ ‘ 

if K STR STOL THEN 60 To LPI 

■ ’STAXl=StAXi+s’QR’Tr(’YK-’l)iSEP-Cy’)’*’*2.0+(LSTO’’/2.0)**2V6T 

GO TO L7I 

f C oMMENT C ALc’uL a TE ■ C tol taxi time » 

L8! K=0 I CTAXI=0.0» 

U9T K^+H 

IF K GTR ctol then GO TO LlO» 

CTAXI =C TA 5CI +SQR T ( { T STOL’+K- 1 ) ♦SEP-C X) ♦•2 . 0+ * LCTOL/2 . 0 )’* *2 , 0 ) T 
GO TO L9I 

YlO: ’STAXlssTAXI/Se.GGti 
CTAXI=CTAXI/36.667| 


END area > 
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procedure C ALRCF ( RALT • RCF ) » 

KEAL RALT I 

REAL ARRAY RCF » 

at gin 

RCFCl 3=.03*RALT/1000+.99» 
'RCFi: 2 J= ;r9'*RALT/6V00+* 99 ( 
RCFC3D=.22*RALT/b0OO+.99l 
RI:Fc 4l=.24*RALr/6000+.99» 
RCFC53 z.16*RALT/3SOO+.99j 


END CALRCFf 


procedure C ALER ( RCF » RLEN i CRLEN » P » £« » HSTURNO ) | 

value pi 

INTEGER P» 

REAL RLEMI 

KEAL array CRLEN»ER» RCF » HSTURNO » 

aEoiN 

integer 1»NJ _ 

REAL ARRAY ERL » ERU , TURNOFC 0 1 5 1 1 
FOR 1 = 1 STEP 1 UNTIL t> DO CRLeNC n=l . 1*RCFC IT*RLEn I 

Err eUSET 

IF CRLENClI LEO 6199 THEN BEGIN ^RLC 1 3=2700 1 ErUC 1 3=4500 1 EnD ELSE 
IF “CRLENi i 3‘ LEG '6999 THEN BEGIN eRLC 1 3=2900 1 ERUC 1 3=5o0o I EnD ELSE 

IF CRLENC13 LEO 7999 THEN BEGIN pRLC 1 3=30&0 I EruC 1 3=5500 »EnO ELSE 

IF CRLENC13 LEO 8999 THEN BEGIN eRCC 1 3=3200 1 ERUC 1 J=5o00 IEnO ELSE 

IF CRLENClJ LEO 9999 THEN BEGIN ^RCC 1 3=3350 I ERUC 1 3=6l 00 IEnD ELSE 

IF' CRLENC 1 '3' LEQ' 10999 then’ BTgI N ' pRLC 1 3=360 o I ERUC 1 3=6400 1 ErD ELSE 
IF CRLENCll LEO 11.999 THEN BEGIN eRLCI 3=3650 » ERUC 13=66001 EnD ELSE 
begin ERLCT 3=380 Of E'RUri'3=680 6 1 ENOr ' 

IF CRLENC23 LEO 5399 THEN BEGIN eRLC23=1700»ERUC23=3850IEnD ELSE 

IF CRLENC23 LEO 6199 THEN BEGIN eRLC 21=1890 iEruC 2 3=3900 »EnO ELSE 

IF CRLENC23 LEO 6999 THEN BEGIN pRLC 2 3=1900 » ERUC 2 3=4l00 »EnD ELSE 

IF 'C RLENC 2 3 'LtO' ' 7999 'THEN BEGI N ERLC 2 3=2000 I ERUC 2 3=43001 EnD ELSE 

IF CRLENC23 LEO 8999 THEN BEGIN gRLC 2 3=2100 1 ERUC 23=4500 EnD ELSE 

IF' CRLENC 2 J''LtO' '9999' 'THEN BEGrN'ERLC23=2200|£RUC23=4650 EnD ELSE 

IF CRLENC23 LEO 10999 THEN BEGIN pRLC 2 3=2300 1 ERUC 2 3=4800 EnD ELSE 

'1F“CRLENC23 LEO 11999 THEN BEGIN pPLC 2 3=24(T0»tRUC 23=4950 EnD ELSE 

begin FRLC2 J=2b00»ERUC2 3=5100lEND> 

IF CRlenc 33 LE^O 5399 'then EnD ELSE 

IF CRLENC 3 I LEO 6199 THEN BEGIN ^RLC 3 3=1300 1 ERUC 3 3=2900 EnD ELSE 

VF" CRLENC '33 LEO' ‘6W9'‘ then "BEGIN eRU 33=1980 1 ERUC 33=3100 EnD ELSE 
IF CRLENC33 LEO 7999 THEN BEGIN eRLC33=1600IERUC33=3300 EnD ELSE 

IF^CRLENCsI LEQ 8999 THEN BEGIN eRLC33=1700IErUC^1=3500 XnD ELSE 

IF CRLENC 3 J LEO 9999 THEN BEGIN e_RLC 33=1750 IERUC 33=3600 EnD ELSE 

IF' CRLENC 3 'J 'LEQ'''iO'99'9''THE'N''BE'6i'N''ERLC 33=1750 1 ErUC 33=3650 EnD " ELSE 
IF CRLENC33 LEO 11999 THEN BEGIN £RLC33=1800ltRUC33=3700 EnD ELSE 
Broi'N ERLC83'=i'800 »ERUt3'3=^ 

IF CRLENC 33 LEO 5399 THEN BEGIN eRLC43=850 I ERUC 4 3=2400 EnD ELSE 

IF CRLENC43 LEQ 6T99 THEN BEGIN eRLC4D=95D »TruT43=2500~EnD ELSE 

IF CRLENC 43 LEO 6999 THEN BEGIN eRLC 4 3=1000 1 ERUC 4 3=2600 EnD ELSE 

IF- CBLENC' 4 T Ui9 ' 7^W ''THEN "eEGrFl 'ERLC43=l050lERUC 41=2900' £n0 ’ ELSE 

IF CRLENC 4 J LEO 8999 THEN BEGIN eRLC43=1050»ERUC43=3200 EnD ELSE 

Tr'C'R"LErNC'4T Lt:Q ■' 9999""fHrN "SE'srN "eRLC 4 3=1100 i eruc 41=3300 EnD" else 

IF CRLENC 43 LEO 10999 THEN BEGIN eRLC 4 3=1 150 1 ERUC 4 3=3350 EnD ELSE 

IF CKLENC4J LEO — 11999 THEN BEGIN eRLC 4 3=1200 fERUC 41S34H0 EnD EC5e 

begin ERLC 4 3=1250 » ERUL 4 3=3400 1 END » 
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■ "iF CRLENtsi LEO '5399 tHtN BEGIN eRLC 53=700 I ErUC 53=1700 EnD ELSE 

IF CKLENC5J LtQ 6199 THEN BEGIN eRLC 53=700 >tRUC53=l850 EnD ELSE 

IF CRLENCS3 l1£« 6999 THEN BEGIN eRLC5T=700 I EruC 5 J=2p00 “EnO ELSe' 

IF CKLENC53 LLQ 7999 THEN BEGIN eRLC 53=750 ltRUC5J=2j50 EnD ELSE 

IF CKLENC53LEQ" 8999 'THEN BEGIN eRLC53=800 |Eruc53=230Q EnO ELSE 
IF CRLENC53 LEG 9999 THEN BEGIN eRLC53=900 »ERUC53=2400 EnO ELSE 

IF CKLENr5J'LEQ'‘i0999 then BEGIN ERLC53=950 |ErUC53=2500 EnD ELSE* 

IF CRLENC53 LEG 11999 THEN BEGIN eRU 53=1000 1 tRUC 53=2600 EnD ELSE 
begin ERLl5 3=iOO0lERUlT3^700ltNO» 

FOR 1=1 STEP 1 until 5 DO TURnOFCI3=0» 

"FOR' l^l STEP 1 IINTIL'5 DO pOR N=r STEP 1 UNTIL T> 00 

IF HSTIJRNOCN] LtQ ERUCI 3 AND hSTURNOCNJ GtQ ERLCI ] THEN 

TuRNoFr i:i='pjrnofct3+ii ■ ■ 

FOR 1=1 STEP 1 UNTIL 5 DO IF TURNoFC 1 3 EGL O THEN ERC T 3=4 ELSE 
IF TDRNOFcTT LOL 1 THEN ERL 1 3=2 ELsE IF TURNCJFCI3 Em: THE n ERcTTia 
ELSE ErC 13=1» eO TO Ll» 

err! wr 1 tet* onax: LPT runwat- length »t* 

Liy END CALERI 

Procedure CALRRATING(CRLEN»tR,PCT,RRATINGJI 

REAL array CrLEN*ER.PCT» REAL RrATINSI 

tJEGiM ” 

integer I'NI 

' ft E AL A RR A y RR ^TRRC U • 5 3T 

IF CRLENL13 LEG 5399 THEN SO tO ERR ELSE 
IF CRLENC13 LEQ 6l99 THEn 'BEgIN 

IF ERC 13 EGL 1 THEN RRC13=42 ELSE 

IF ERC 1 3‘ £QL'”2 ‘tHEn RRC 1 J=46* ELSr 

IF ERC 13 EGL 3 THEN RRCU=50 ELSE RRCl3=S9 EnO 

ELSE IF CRLENC 1'3 LEQ ■ 6999 Then 

IF ERC 13 EQL 1 tHEN RRCU=43 ELSE 
IF ERC 13 EQL FtHEN RRC I WT EL5E 
IF ERC 13 EGL 3 THEN RRC 13=51 ELSE RrC13=s9 EnO 
Else' IF CRLEW13 LEG '7999 

IF ERC 13 EQL I THEN RRC 1 3=44 ELSE 

3 'EQL' '2''thEN RRC 13=47 ELSET t 

IF ERC 13 EQL 3 TrEN RRC 13=52 ELSE RRC 13=60 END 

ELSE IF eRLemi3 lEQ «999 then pEsIN 

IF ERC 13 EQL 1 THEN RRC 13=45 ELSE 

Tr 'ERC 13 E0L'"2 tHEN RRC 1 3=48 ELSE 

IF ERC 13 EQL 3 ThEN RRC 1 3=53 ELSE RrCi3=61 EnD 

ELSE IF 'CrLEI^C IT'LEQ ' R999'7HE'n 'B'E'gTN 

IF ERC 13 EQL 1 tHEN RRC 1 3=45 ELSE 

!F' EKc 1 3 EOr 2 'tNEN RrM 3=49 ELSE 

IF EKC 13 EQL 3 THEN RRC 1 3=54 ELSE RpC 13=64 EnD 
ELSE IF 'c'rL'EN'C 1 3 LEQ '' lb'999THE'N B'EgIN 

IF EKC 13 EQL 1 THEN RRC 13=45 ELSE 

IF EKC 13' EQL'”2 THEN RRC 13=50 ELSE 

IF EKC 13 EGL 3 THEN RRC 13=55 ELSE RRCl3=fe6 END 
ELSE IF CRLENC13 leg H999THEN BEGIN 

IF EKC 13 EQL 1 THEN RRC13=46 ELSE 

IK 'EKC 1'3' EGL " '2 'tHEN RRC 1 3=52 ELSE 

IF ERC 13 EQL 3 THEN RRC 1 3=58 ELSE RRC 13=60 EnO 

" Else' BEGIN 

IF ERC 13 EOL 1 THEN RRC 13=46 ELSE 

IF ERC 13 eOL 1 then RRC13=$3 EL'SE' ~ 

lf„EKC13 EQL 3 Then ELSE RrC 13*70. EnD » 


> 
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ircRL'El^r2T'L^Q‘4^99TRrN'60' 

IF CRLENC2J LEQ 5599 THEN SEqIN 

IF EKCSJTffL — 1 then RRCZ3=3b ECSE ' ^ 

IF EHC2D EQL 2 THEN RRC2J=3tt ELSE 
-f r EHC '2 y‘E?>L' 3' f HEtil' -ffRt 2 -1=41) ' ELSE RrX 2 3=48 W 

ELSE IF CRLENC2I LEQ 6199 THEN REgIN 



TF ERC23 EQL 2 THEN RRC2J=39 ELSE 

IF E«C23 EQL 3' THEN" PRC 2 J=41"ELSE RrC21=51 EnO 

ELSE IF CRLENC2D LEQ 6999 THEN REgIN 

rr ERc^yE^L' r t>>^N ffftr2 J=38 ELSE' 

IF ERC23 EQL 2 THEN RRC23=40 ELSE 

TF EKC’23nEQ^L 3 TH8(T 'RRr2/=4^'^LSE--R-RT23S53 ENCr 

ELSE IF CRLENC23 LEQ 7999 THEN BEGIN 

IF EKC23 EQL — 1 tHEN RRC 23=39 ELSE 

IF ERC2D EQL 2 THEN RRC2J=4l ELSE 

Tr‘ERC2^3"EQt;’3'TH8N''‘RRC12 J=43 ELSE'-RRr23^S8 ENir 

ELSE IF CRLENC23 LEQ 8999 THEN BEGIN 

TF-EWC23 ■EQL “r tHEN'RRr2T=39'ELSE- 

IF ERC2D EQL 2 THEN RRC2J=42 ELSE 

IF EKC2 3 EQL 3 ThTN RRC2JS45 ELSE RRL23SS7 END 

ELSE IF CRLENC2D LEQ 9999 THEN BEGIN 

TF'EKC^inEffL ' r t^EM Ffir27=4TJ FLSF 

IF EKC23 EQL 2 THEN RRC2J=44 ELSE 

TF'EFC2y£?rL'3"TH^N''W2V=4^-FLSF-RRX'2ys59'rNU 

ELSE IF CRLENC23 LEQ 10999THEN BEGIN 

IF e«C25 E6l 1 tHEN RftC2J=40 ELSE 

IF ERC23 EQL 2 THEN RRC2J=46 ELSE 

-lF'El<r2y‘E0L’'3 T'HW' lIRr2^=¥0 XLSE' RRC'2Ts6e'8N^ 

ELSE IF CRLENC23 LEQ 11999THEN BEqIN 

iF'ERr2y‘EQL“‘l'TH£‘N RRC23='4l EL'Sr 

IF ERC23 EQL 2 THEN RRC2J=47 ELSE 

IF ERC23 EQL 3 ThEN RRC2J=51 ELSE RRC23S62 ENB 
ELSE begin . 

IF EKC23 EQL 2 jHEN RRC2J=48 ELSE 

RPC 23563 ISnDI 

IF CRLENI33 LEQ 2999 THEN 60 tO ERR ELSE 

IF CRLENC33 LEQ 4299 THEN BEGIN 

IF EKC33 EQL 1 THEN RRC3J=30 ELSE 
TF'eRC33 ‘EQ'l’ '2 'then RRt'3T=33 ELSE' 

IF ERC33 EQL 3 THEN RRC3J=38 ELSE RRC33S41 ENO 

rLSE'TF 'CRLE'NrSy' LEQ" 

IF EKC33 EQL 1 THEN RRC3J=32 ELSE 

IF EHC33 EQl 2 tHEn B RC3J=56' ELSE 

IF ERC33 EQL 3 ThEN RRC3JS39 ELSE RRC 33844 EnD 
ELSE' I F C RLENrS J ■ UEQ ■ '6199 then ' BE'g IN 

IF ERC33 EQL 1 THEN RRC33=33 ELSE 
IF ERC'Sy 'FQL ■ 2 'tHEn RRC33=38 EL^E^ 

IF ERC33 EQL 3 ThEN RRC3J=41 ELSE RrC 33849 EnO 
Else if CRLENC33 LEQ 6999 THEN BEGIN 

IF ERC33 EQL 1 THEN RRC3J834 ELSE 
jp - j J - e;ql -g f hEn' RRt 3‘ 3835T ELSE ' 

IF ERC33 EQL 3 ThEN RRC3J843 ELSE RRC33852 EnD 
ElEE 'IF ■ crLeNT 3’3' UEQ ' 7999 rriEN" BE'gIN 

IF ERC3D EQL I THEN RRC 3 3833 ELSE 

IF £HC3 3'EOl 2 THEN'ftftC3J84l else 

IF ERC33 EQL 3 ThEN RRC3JS45 ELSE RRC 3 3854 CnD 
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EL5£ IF CRl-El^l 3 J LEST THCN REgIN 

IF ERC3I EQL I THEN RRC3J=3b ELS>E 

IF EHC3] EQL — ?~tHEn RFT31=4Z ELSE 

IF EKC33 EQL 3 ThEN RRC3J=47 ELSE RRC 33=55 EnD 
ELSE IF CRLENI^37 LEQ 9RR9 THEN BEqIN ' “ 

IF EKC3D EQL I THEN RRC3J=37 ELSE 

TF ERC33 EQL"' &' tH^N RRC3J=43 ELSE 

IF EKC33 EQL 3 ThEN RRC3J=4« ELSE RpC33=S6 END 

ELSE IF CrLENL3J LEQ — 10999THEN BEgIN ' ' 

IF EKC33 EQL 1 THEN RRC33=3e ELSE 

TF ERC33 EQL 2' then RRC31=4H ELSE^ 

IF ERC33 EQL 3 THEN RRC3J=46 ELSE RRC33=57 EnO 
ELSE TF crLENCSJ'LEQ ■■ 11999TKEN BEgTN ' ■ - - 

ggj- 1 t hen R RC3J=39 ELSE 

IF ERC4D EQL 3 THEN RRC3J=49 ELSE RrC 3 D =58 END 
YLSE' BEGIN ' " " 

IF ERC33 EQL 1 THEN RPC3J=40 ELSE 

Trm'3r‘EQL"'2 tH£n‘RRC‘33=4&’ELSE 

IF ERC33 EQL 3 ThEN RRC3J=49 ELSE RRC33=59 EnDi 
IP CRLEN C4J LEQ 29G9 THEN 

IF EKC43 EQL _1 jHEN RR[4J=20 ELSE 

TrEWtUD EQL' 2 "tHEn RRC 4'J=27 ELSE ' 

IF ERC43 EQL 3 ThEN RR[4J=33 ELSE RpC 43=39 EnD 

ELSE TF 'CRLE'NC'4J LEQ''''42'99 then R'eVIN 

IF ERC43 EQL 1 THEN RRC4J=22 ELSE 

IF ERC43 EQL 2 tHEN RRC4J=30 ELSE 

IF E«C43 EQL 3 ThEN RRC4J=3& ELSE RRC43=40 EnO 

■'ELSE'TF cRL'ENrp 3 LEQ '3399 -rHEN 'BEGiN 

IF ERC43 EQL 1 THEN PPC4J=24 ELSE 

IF EBC43 EQL 3 THEN RR[4J=37 ELSE RpC 43=41 END 
ELSE IF CRLENt43 LEQ 6199 THEN BEqIN 
_ IF EKC43 EQL I jHEN RRC4J=2b ELSE 

IF EKC43 EQL 3 THEN RPC4J=38 ELSE RRC43=42 EnD 

'ELSE' IF 'CrL'ENIr'J LEQ' "6999 'THEN BEGIN 

IF EKC43 EQL 1 THEN RRC4J=26 ELSE 

IF EKC43 EQL 2 tHEn RRC4Jr33 ELSE 

IF ERC43 EQL 3 ThEN RRC4J=38 ELSE RRC43=43 EnD 

" ELS'E TF' C RLENCR 3' XEQ" 7999' 'THEN 'BEg I N' " ' 

IF EKC43 EQL 1 THEN RRC4J=27 ELSE 

IF ERC43 EQL 3 ThEN RRC4J=39 ELSE RrC43=45 EnO 
LLSE IP CRLEFII4 3 LEQ 8999 THEN BEqIN ” 

IF EHC43 EQL 1 THEN RRC4J=28 ELSE 

- 

IF ERC43 EQL 3 ThEN RRC4J=4l ELSE RRC43=47 EnD 

ETL5E TF CRLENr43 LEQ ' 9999 THEN BE'gIW 

IF ERC43 EQL I THEN RRC4J=30 ELSE 

IF EHt4D EQL 2 then fiRC9T=36 TC5E 

IF E«C43 EQL 3 THEN RRC4J=42 ELSE RrC 43=40 END 
ELSE T F • C RLt NT4T L'EQ " T 0 999THEN BEgIH 

IF ERC43 EQL 1 THEN RRC4J=32 ELSE 
IF ERr4T EQL"? then RRC4J=3T ELSE 
IF ERC43 EQL 3 ThEN RRC4J=44 ELSE RrC 43=49 END 

-E LSE IF C r[:EF I C 43 LEQ 11999THeN BEgIN 

IF ERC43 EQL 1 THEN RRC 4 3=34 ELSE 
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IF ERC43 EQL 3 ThEN RRC4J=4b ELS»E RRC43=5l ^NO 

ELse Begin — 

IF ERC4D EQL I T^EN RRC4J=3b ELSE 

-ir'EHr4y ESl' 2 then R»r4J=41 ELSr 

IF EKC43 EQL 3 ThEN RpC4J=46 ELSE RrC43=53 EnDI 

ir'C'RLEN' CS^r'LETQ 29«?4 ' THEN Be®IN 

IF ERC5D EQL 1 THEN RRC5J=21 ELSE 

IF EKC53 EQl 2 then RRC5J=28 ELSE 

IF ERC5D EQL 3 ThEN RRC5J=33 ELSE RrC 53=39 EnD 
■■ ‘tLsE Tr CRLEWST LEQ' 'V2WTHeN BIgTNT 

IF ERC53 EQL 1 THEN RRC5J=25 ELSE 

TF^ EHrs T EQL' '2 fHEN RPC5 J=29 ELS-r 

IF ERC5D EQL 3 ThEN RPC5J=34 ELSE RrC53=40 EnD 

else if CrCENCB] Lra S399 'THEn BEsIN 

IF EKC5D EQL 1 THEN RRC5J=27 ELSE 

Tr'ERCHTTIQL ' 2' tHEN'FrRCS'-r=3XJ ELSE * 

IF ERC53 EQL 3 ThEN RPC5J=35 ELSE RRC53=42 EnD 

' ELSE TF CRLENrST LEQ ■ bi99' TH^^ BEgYN' 

IF EKC53 EQL 1 THEN RRC5J=2» ELSE 

IF ERC53 EQL 2 tHEN RRC5J=31 ERE* 

IF ERC53 EQL 3 ThEN RRC5J=3*> ELSE RRC53=44 EnD 
^USE ' IF ■CRLENr5 J LEQ' 'W99 'fHEN^ 

IF EHCS3 EQL 1 THEN R»C5J=29 ELSE 

IF ERC53 EQL 3 ThEN RRrSJ=37 ELSE RpC 53=46 END 
ELSE IF CRLENC5J LEQ 7g99 THEN BEqIN 

IF EKC53 EQL 1 THEN RRC5J=30 ELSE 

5'J=33' ELSE 

IF EKC53 EQL 3 ThEN RRC5J=3B ELSE RpC 53=48 EnD 
^LSE TF'CRLENCSJ LEQ ''89W'T^^^^ 

IF EKC53 EQL 1 tHEN RRC5J=31 ELSE 

IF EHC53 EQL 2 then RRCSJ=34 ELSE 

IF ERC53 EQL 3 ThEN RRC5J=39 ELSE RrC 53=50 EnD 

^lse' ifcrlencsJleq 

IF EMC 5 3 EQL 1 THEN RRC5J=32 ELSE 

IF^ E'RC 5'3 'EQL'"2 ‘VhEN^ 5 J='36' ELSE' 

IF ERC53 EQL 3 ThEN RRC5J=40 ELSE RRC 53=52 EnO 
ELSE IF CRLENC5J LEQ 10999THEN BEGIN 

IF ERC53 EQL 1 THEN RRC 5 3=33 ELSE 

else " 

IF ERC53 EQL 3 ThEN RRC5J=4l ELSE RpC53=53 EnD 
ELS'E'TF 'C'R'L'ENr5'3''L'EQ'''ir99'9'fH'E 

IF ERC53 EQL 1 THEN RRC 53=34 ELSE 
IF EBC5 3 EQL 2 THEN RW5'3=T9' ELSE' 

IF ERC53 EQL 3 ThEN RRC 5 3=43 ELSE RrC53=54 EnD 

Else 'BESIN 

IF ERC53 EQL 1 THEN RRC 53=35 ELSE 
- - 2 YH'gN- RRC 5 J= 40 else 

IF ERC53 EQL 3 ThEN RRC 5 3=45 ELSE RRC 5 3=55 EnOi 
FOR I=l STEP 1 until 5 DO IRRf 1 3=RRC I 3*PrTCI 3» 
RRATING=IRRC13+IRKC23+IRRC33 +iRRC43+IRRC53| GO TO L2» 

^ RR? " ■ 'W'rXTE '('» UNACCEP'T'''R'0'NWA'Y''LE'N6f ) t 

t2': "END "CA'LRRA'frNG'f 

PRO'TEDURE CALRILAML»RRATINS»R,PAK) I INTEGER PWC? 

REAL LAML»RRATIN6*RI 
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neeiN ■ 

IF LAML LEQ 20 THtN_R=RRATING*<l,216-.01oe*LAMU pLSE 
IF LAML LEQ 30 ' ThEN R=RRATrNG*d.l-.00b*LAML) ELSE “ "" 

IF LAML LtQ 40 THEN R=RRATIN6*(1.0325-.00275*LAML) ELSE 
BteiN IF rRATING GEQ 65 THEn R=RRAtING*.925 ELSE R=RRAtINS*,927 Endi 
IF HAK EOL 2 THEN R=R*,9 ELSE IF PAK EqL 3 THEN R=K*,9» 

wRi rei ’RUNWAY rating=’Vr) i 

■ tND> ~~~ ' ' ~ “ 

PRqCEUURE CALCiVPCT»C 1>P'AK) i ■ 

integer pak» 

HEAL' ■ dir 

HEAL array _ PCT 5 

REai. array C[o:5]» 

ccn=2'9;cc?j=Y9TCC3T=r6idfiiT=i4icr5T2aoi - 

Clrcn 1 1*PCTC 1 D+CL 2 J*PCTC 2 1+CC 3 i*PCTC 3 3+LC 4 J*PCTC 4 3+CC 5 3*PCTC 5 If 
IF PAK EQL 2 then Cl=Cl*VaB ELSE' IF PAk EQL 3 THEN C1=C1*,b8| 


PROCEDURE CALFKPCr/FXtPAfCn INTEGER' PAKi ’ ' " 

HEAL FU 

HEAL APRAY'"PCT» " ' ' ' 

BEGIN 

iNTEWRlrTT* ~ — 

real array F»FKto:5.o:53» 

FC 1 ,1 3=56 f FC 1 » 2 J=74T pri . 3 3=93 |FC 1 . 4 3=66 f FT w 5 J=86 1 

FC2,i J=565FC2»2J=43»FC2»3D=50lF[:2»4]=6b»FL2»5J=a6l 
'FC3»1 J=56»FC3»2J=43TFl3'.'33=50|Ft3'»4i=66lFC3»5J=86l ' 

FC4, t J=56»‘FC4»2 J=43»FL4»3D=50|FC4»4]=66IFL4»5 J=86l 

TC5,i'3=56TFT5i2 3=i»3IFt5»3l=5b|FC5»4D=66»FC5.5J=^6l 
FFC 0 » 0 3=0 J FFC 0 » 1 3=0 » FFC 0 » 2 3=0 1 FFC 0 » 3 3=0 1 FFC 0 » 4 3=0 » 
for" 1 = 1 STEP until' S' do for N=l' STEP 1 UNTIL 5 TO 
FFLIfN3=PCTCl ]*PCTCN3*FLI»N3> 

FI=FFCi»l J+FFE i»'23+FFCT»33'+FFi:i»4 3+FFti»S3+ 

FFC 2 » 1 J+FPC 2 » 2 3+FFC 2 » 3 3+FFC 9 * 4 3+FFC 2 » 5 3+ 

FFT37rX+FFC 3'» 2 3+FFc 3 m+FFc 3 * 4 3+FFT3 »S 3+ 

FFC 4 » 1 J+FFC 4 » 2 3+FFC 4 , 3 3+FFC 4 » 4 3+FFC 4 » 5 3+ 

FFC5VlT+FFCS»2T+FFCS»y]+FFt5»43+FFC5»SJr " " 

2 then Fl=Fl*.a2 E|,SE IF PAK EQL 3 THEN Fl=Fl*.66| 


END I 


PROCEDURE CALT(LAMS*PCT.T»PAK) I INTEGER PAK» 

HEAL' LAMSVTr 

REAL array PCT> 

' ■ 8EGIN 

real array tt»tamco:5»o:s3> 

Integer TTnI 

IF LAMS LEQ 10 THEN TA.MC 1* 1 3=94,2 ELSE 

IF Lams LE® 20' THE'N'TAMCiVi 3=^^^ ELSE 

IF LAMS LEO 30 THEN TAMC 1 ► 1 3=07.5 ELSE 

IF LAMS LEQ 46 THEN TAMCi»i3=86Vo ' ELSE ' 

IF LAMS LEQ 50 THEN TAMC 1 » 1 3=86. 0 ELSE 

TAi4ci»nS86.0* 

IF LAMS LEQ 10 THEN TAMC 1»2 3=85.2 ELSE 


0 


33U 


XF' 

LAMS 

LEO 

20' 

Then- 

TAMClr27=81.2 

ELSE 

IF 

LAMS 

LEO 

30 

then 

TAMC1» 23=79 

ELSE 

IF 

LAMS 

LEO 

40 

Them 

TAmC1»23=77 

ELSE 

IF 

LAMS 

LEO 

50 

THEN 

TAMC1»23=77 

ELSE 


TAMC It 23=77.0* 




IF 

LAMS 

LEQ 10 then TAMC1,33=i00,8 ELSE 

IF 

LAMS 

LEO 

20 

THEN 

tAML'l»33=83.2 

ELSE 

IF 

LAMS 

LEO 

30 

THEN 

TAMC1»33=74.8 

ELSE 

IF 

LAMS 

LEO 

40 

THEN 

TAMCI»33=69.4 

Else 

IF 

LAMS 

LEO 

50 

THEN 

TAMC 1.33=67 

ELSE 


TAMC It 3 3=67,0* 



IF 

LAMS 

LEO 

10 

THEN 

TAMC1.43=96.8 

ELSE 

IF 

LAMS 

LEQ 

'2'0‘ 

Then- 

TAMci.OsaS-.-s- 

ELSE 

IF 

LAMS 

LEO 

30 

then 

TAMC 1.43=78.5 

ELSE 


LE^ 

40 

then 

TaMC 1.43=73.5 

ELSE 

IF 

LAMS 

LEO 

50 

then 

TAMC1.43=70.4 

ELSE 


fAMClt4J=67.5* 



IF 

LAMS 

LEO 

10 

then 

TAMC 1.53=96.8 

ELSE 


LAMS' 

LEO ■ 

*?0 

Then- 

-TA^Mt-l-.-5T=85i^ ■ 

ELSE 

IF 

LAMS 

LEO 

30 

then 

TAMC1.53=78.5 

ELSE 

IF 

LAMS 

LEO 

40 

Then 

TAMC1.5J=73.5 

"ZC5E 

IF 

LAMS 

LEO 

50 

THEN 

TAMC1.53=70.4 

ELSE 


TAMC lt5J=67,5* 



IF 

lams 

LEO 

10 

then 

TAMC2. 13=114. 5 

ELSE 

IF” 

LAMS 

LEO 

20" 

Then- 

t-AM-C-2VI^=-l-67-- - 

"ELSE 

IF 

LAMS 

LEO 

30 

then 

TAMC2. 13=102. 

ELSE 


TAMC2*13=100,0| 



IF 

LAMS 

LEO 

10 

then 

TAMC2. 23=110 

ELSE 

IF 

LAMS 

LEO 

20 

THEN 

TAMC 2. 2 3=89 

ELSE 

IF 

LAMS 

LEO 

30 

THEN 

TAMC 2. 2 3=78. 5 

ELSE 

““'IF' 

Cams 

LEO 

"46 

’then 

TAMC 2. 2 3=72 

"E-LSE 


TAMC2»23=69,0» 



IF 

LAMS 

LEO 

10 

THEN 

TAMC 2. 3 3=79 

ELSE 

IF 

LAMS 

.LEO. 

20 

then 

TAMC 2. 3 3=69. 4 

ELSE 

■ IF' 

LAMS 

LEO 

30 

then 

TAMC2.3 3='65.2 

ELSE 

IF 

LAMS 

LEO 

40 

THEN 

TAMC 2. 3 3=62 

ELSE 

""if" 

LAMS 

l’e’o 

"50' 

t’HEN 

’TAMC2.33=59.8 

ELSE 


TAMC2»33=59.ni 



IF 

LAMS 

LEO 

10 

then 

TAMC2. 43=109. 3 

ELSE 

IF 

LAMS 

LEO 

20 THEN TAMC2»4]=77,5 

ELSE 

IF 

LAMS 

LEO 

30 

THEN 

TAMC 2. 4 3=63. 8 

ELSE 

IF 

LAMS 

LEO 

40 

IHEN 

».A P.=5_5 ..8 . 

ELSE 


rp L AMS XE'Q ‘ 50 ■ then TA MC'2 V4 J=49 VS ' ' EUSE 
TAMC2»43=45,5» 

TAMC2»53=TAMC2»43» 

IF LAMS LEQ 10 THEN TAMC 3» 13=145.5 ELSE 
TF' lams LEO 20' THEN fAMC 3^^^ 

IF LAMS LEQ 30 THEN TAMC 3» 1 3=117,5 ELSE 

TAMr3»'i3=iii,or 

IF LAMS LEQ 10 then TAMC3»23=129 ELSE 

IF lams LEO 20 THEN TAMC3»23=113,6 ELSE 

IF LAMS LE® 30 then TAMC3»23=106 ELSE 

TAMr3r2’3’=i’0r.6T 

IF LAMS LEO 10 THEN TAMC3»33=97 ELSE 

TF XAMS LEQ ’ 20 THEN 

IF LAMS LEO 30 THEN TAMC3»33=7» ELSE 

IF LAMS LEO 40 ThEN TAM[3»33=74 EL§E 

TAMC3»33=73,0» 
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TrXATSIS^ L'es' 10 then T*Mr3VftT=iOT.8 ELSE '■ 

IF LAMS LEO 20 THEN TAMC 3»43=84.2 ELSE 

IF LAMS leg — SO” THEN TAMC3»4J=75.5 ELSE 

IF LAMS LEO 40 THEN TAMC 3»43=69.5 ELSE 

TA'MC3»43-^.0f 

TAMC3»5J=TAMC3»43» 

TF LAMS lEQ' 10 THEN TAMrAVITsi ST ELSE 

IF LAMS LEQ 20 then JAMC 4» 1 3=150 , ? ELSE 

if^lams leg 3d' T hen tAMC4*i3=i46 — Else — 

TAMC4» 13=143,01 

IF LAMS Leq ^0' THEN TAMr4V2T=i'45' ' ELSE ' ' 

IF LAMS LEO 20 THEN TAMC4»23=136 ELSE 

IF LAMS LEO ‘50 ThEN“ rAMr4V2T=i3V, 5 rLSE" ■ 

TAMC4*?3=143,0I 

IF lams~leS 10 Then tamc 4 . 33 = 133,8 else — 

TAMC4»33=100,OI 

IF LAMS XeQ 'ro' TW4V4T=iI4V5 else 

IF LAMS LEQ 20 THEN TAMC 4» 4 3=91 .2 ELSE 
IF* LAMS LEQ ■ 2T0 THEN 'fW4>*4T=81 .8 " ELSE 
IF LAMS LEO 40 then TAMC4»4D=76 ELSE 
TAMC 4»4 3=75, 0 » 

TAMC4»S3=TAMC4»43» 

TAMc 5 » 1 3 *=TAmc 4*ri3Tt'A*Mt'S r 2'3'=TAMr4*»*2T» TAMT5*» 3*3=TAMC*4 » 3 3*f 
TAMC5»43=TAMC4»43»TAMC5»53=TAmC4»53I 

TTr ovi 3 =irr rtro iET^orTTro*, 3'3=o* iTrr o v4T=irf - ttl o »-o*3=d i ' 

FOR 1=1 STEP 1 UNTIL 5 DO FOR N =1 STEP 1 UNTIL 5 DO 

— TTt I , N 1 =PCTC I 3*PCTC N 3*TAMcTrN 3 I 

T=TTC 1 » 1 J+TTC 1 » 2 3+TTC 1 » 3 3+TTC l » 4 3+TTC 1 » 5 3+ 

Ttt2ViWfr2*2T+TfC2i:5r+TrC2V4*3+Ttt*2^^^^^ 

TtC3»1 3+TTC 3*23+TTC3»33+TTC3»43+TTC3»53+ 

TtC 4 » i’J+Ttc 4*r2*3+tfC'4 r3 3VtTC 4V4*j+TtC 4VS 3+ 

TTC 5 » 1 3+TTC 5 » 2 3+TTC 5 1 3 3+TTC 5 » 4 3+TTC 5 » 5 3 » 

IF FAK EQL 2 THEN T=T*,4b ELSE IF pAK E®L 3 THEN T=T*,45» 

**tNDl 



procedure CALA(LAMLVPCtVAnVA22 
INTESER PAK» 

REAL LAML*A11»A22I 
REAL ARRAY PCTI 

begin ■ 

REAL ARRAY AAMC 0 1 5» 0 153 » TERMC 0 1 2s3* AC 0 1 5» 0 : 53| 

'*fNf£*e£*R* *f,J*»K*> 

IF LAML LEO 10 THEN AAMC 1 » 1 3=179 , 0 ELSE 

IF LAML LEO 20 ThEN AAMC 1*13=172,0 ELSE 

IF LAML LEQ 30 THEN AAMC l»13=168,o ELSE 

IE 'LA'Ml ’LEQ' 40 * ThEN ‘AAMC iVi*3=l6'5 . 0 £LSE 
IF LAML LEQ 50 THEN AAMC 1» 13=164 , 0 ELSE 

A'AMtl » r3=i62 , 0 1 

IF LAML LEQ 10 then AAMC 1*23=190,0 ELSE 

IF LAMl LEO 20 then AAMC 1»23=184,o ELSE 

IF LAML LEQ 30 THEN AAMC 1*23=101, n ELSE 

TF^ X AM L - L E 0* * 4TJ * rHE N * A'A MC r * 2 3 = 1 79 , *0 * Et 5E 

IF LAML LEQ 50 THEN AAMC 1*23=177, n ELSE 

TlAMCl » 2T3=1 r6*,Tn * 

IF LAML LEQ 10 THEN AAMC 1*33=220,0 ELSE 

IF LAML l£Q 20 THEN AAMC 1*33=200,0 ELSE 

then AA MC 1*33=189.0 ELSE _ 
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■ I r L AML 'Leo '40 ' then ' AAM fiV 3T= 1 82 , 0 ELSE 
IF LAML LEO 50 THEN AAMC 1» 33=178, o ELSE 
AAMC1» 33=174.01 

IF LAML LEO 10 then AAMC 1*43=226, o ELSE 

IF' Vaml lEQ 20 tHEN AAMC ELSE ' 

IF LAML LEO 30 THEN AAMC 1*43=204, o ELSE 

'IF" LAML LEO' ^O' ' ^hEN AAMC i » 4 Jsl'OOVf) ELSE ’ 

IF LAML LEO 50 THEN AAMC 1 * 4 3=196, q ELSE 

AAMC1*43=193.0» 

IF LAML LEO 10 THEN AAMC2* 1 3=136.0 ELSE 

"rF LAML LEO 20 ‘ TH^Ff A'AMt a* 17=i'23Vo‘ rLSE" 

IF LAML LEO 30 THEN AAMC 2 * 1 3=116. (j ELSE 

■ IF LAML LE® 40 ' N^-AAMC 2 VlT=ii 1 Vo ELSE 

IF LAML LEO 50 THEN AAMC 2* 1 3=108. o ELSE 
AAMC2*13=106.0I 

IF LAML LEO 10 THEN AAMC2*23=l76,o ELSE 
rF LAML' l'e® 20 "■ then XAMC'2V2T=i40Vo' ELS^^ 

IF LAML LEO 30 THEN AAMC2*23=125.o ELSE 

■ IF' LAM L Leo' '40 ■ then A'AMC 2 i 1 6Vo‘ ELSE” 
IF LAML LEO 50 THEN AAMC2*23=lll,o ELSE 

AAMC2*23=111.0» 

IF LAML LEO 10 then AAMC 2 * 3 3=161 . f) ELSE 
IF LAML LEO 20 THEN ■AAMcT*‘30=i“33V o *E^^ 

IF LAML LEO 30 THEN AAMC 2 * 3 3=120 , q ELSE 
IF LAML LEO 40 fHEN'AAMC2*33=VliVn ELSE 
IF LAML LEO 50 THEN AAMC2*33=107,o ELSE 
AAMC2*33=103.0I 

IF LAML LEO 10 THEN AAMC 2*4 3=233,0 ELSE 
■iF lAmlleq 20 Thenaam 
IF LAML LEO 30 THEN AAMC 2* 4 3=176, o ELSE 

■ TF' LAML LEQ '4'® ' THEfr'AAMC2V4‘3=l66, o ^ 

IF LAML LEO 50 THEN AAMC2*43=16l.o ELSE 
AAMC2*43 =i6i,0» 

IF LAML LEO 10 then AAMC 3* 1 3=144, q ELSE 
■IF' LAML'lEQ' 20 " "THEN AAMC3Vn=l^^^^ 

IF LAML LEO 30 THEN AAMC 3* 1 3=122,5 ELSE 
TF LAML ■le®’'40"'''THEN AAM'C 3 0 ETLS'E ' ' 
IF LAML LEO 50 THEN AAMC 3* 1 3=113, n ELSE 
AAMC3*13=ll0.0» 

IF LAML LEO 10 THEN AAMC3*23=12l.o ELSE 

■ IT' LAML X'EQ''20'” WEN AXmc 3* 2 3=108V 5 'EUS^^^ 

IF LAML LEO 30 THEN AAMC 3* 2 3=102. fl ELSE 

TF L AM L' LEO' 4 O' ' THEN A AMr3 *'2'3=98 .0 ' ' 'E'LS'E 

IF LAML LEO 50 THEN AAMC 3* 23=96. 0 ELSE 

AAMC 3*23=93.0* 

IF LAML LEO 10 THEN AAmc 3* 33=160,^ ELSE 
■'IF' LA'ML 'leQ '20 ■ 'then ■ AAM'C 3 * 3'3=1 38 , 

IF LAML LEO 30 THEN AAMC3*33=129,^ ELSE 

■XF''L'AML'LEQ'4'0‘t-HEN-^^^^3Y3 32j^^^^ 

IF LAML LEO 50 THEN AAMC 3* 33=118, n ELSE 
AAMC3*33=115,0I 

IF LAML LEO 10 THEN AAMC3*43=184,5 ELSE 
'■lF''LAML'LEQ'20''THEN'AA'MC'3*4'3=16i;b 
IF LAML LEO 30 THEN AAMC 3* 43=151 , 5 ELSE 
'TF' LAMl 'LE® '40'''t'HEN aAmC3*4'3=145,'o ELSE"' 
IF LAML LEO 50 THEN AAMC3*43=141.o ELSE 

AAMC 3* 4 3=141. 0» 

..A^. 4AML LEO 10 then AAMC 4 ^^^ 


337 


IF LAML LEQ'20 tHFN AAMC4Vi ELSE 
IF LAML LEQ 30 _THEN_AAV|C4!^13=101 .o ELSE 

IF LAML LE'fl 40 THEN AAMC 4* l‘3=q7’,6 ELSE ~ 

IF LAML LEO 50 THEN AA.v|C4» 1 3=97.0 ELSE 

AAVC4»13=97.0V •• 

IF LAML LEO 10 then AAM[ 4»2 3=i 39, n ELSE 

IF LAML LEO 20 then AAMC4'*23=i22,o Else 

IF LAML L^O 30 THEN ^AMC4»23=114,o ELSE 

IF LAML LEQ ‘♦0 THEN AAMC4»2T=109,o ELSE ' — - ' ' ' “ 

IF LAML LEO 50 THEN AAMC 4» 2 3=108, n ELSE 

AAMC4»2J=i03.0i -- - — 

IF LAML LEO 10 then AAMC4»33=149,q ELSE 

IF LAML LEO 20 ThEN ‘AAMC4» 33=130 . q ELSE - 

IF LAML LEO 30 THEN AAMC 4 » 3 3=121 , n ELSE 

IF LAML" LEO 4D "THErrTAMrV»37=lT6". o^^E ^ 

IF LAML LEO 50 THEN AAMC 4» 3 3=115. n ELSE 

AAMC4»33=ll5,0> ‘ ' -- 

IF LAML LEO 10 THEN AAMC 4»43=179, q ELSE 

IF LAML LEO 20 THEKrAAMr4>4T=l48,o ELSE 

IF LAML LEO 30 THEN AAMC4»43=135, o ELSE 

IF LAML LEO AO Then AAMC4»4T=i2B7o"ELSE 

IF LAML LEO 50 THEN AAM[ 4* 4 3=124, n ELSE 

AAMC4»4 3=l2o’,Or -- 

AAMC 1*53=AAML 1»43» AAMC 2» S3=AAM[ ^,431 AAMC3»53=AAMC3»43I 
A AMC 4 f 5 3=A A MC 4 » 4 j > ■ A AMc 5 . T 3= A A MC 4 , 1 3 » ' A A Mt 5 ► 2 3= A AMC 4 , 2 3 1 
A AMC 5 » 3 3=A^C^^ 3 J I A AMC5»4 3=A amC4 j^4 3 1 AAM L 5»5 3=AAmC 4,431 

FOR J=l STEP 1 UNTIL 5 DO FOR 1=1 STEP 1 UNTIL 5 UO 0FGIN 

ACi»J3=AAMC1,j3» - - 

IF PAK EQL 2 THEN I » J3=AC I » J3*,efl fLSE 

IF PAK EQL 3 'then A[ i7j3=ac iVj3*,8B» 

K=K+ 1 f TERMC k3=PC:TC I 3*PC TC J 3* AC I » J 3 1 

ErjD» Aii=or 

STEP 1 UNTIL 25 DO AH=A1 . +TERMC K 3» 

K=0» •' 


- - STEP I until 5 DO FOR 1 = 1 STEP 1 UNTIL 5 UO BEGIN 

K=k+ 1I TERMCK3= Pmi 3*PCn j3*T ' Arr» J3**2)T EnDI A22-oI 

_f step 1 U-'TTL 2 5 DO A22=A22.»TERMC K 31 


END CALAl 


PAK r 


procedure dELA T ( L AML , a , B » C , D , E » W , aD » PAK ) I 

real LAML»W»Ab» *' ArB»C,b*E>'''lNTEGEK 

begin _ 

RE<L ■ ~AT»A2»G»t»ir51,T*Tl»T2»T3rT4,Ji»J2tWo;wlrW2, 

M*LT,rRATIN6.A11»LAMT»LAMSjA22| 

REa*- Array r CF » Urle n i E K » Pc fc O ; 5 3 ,HS tuRNOCO :T0 J ; Ft b : 2b Vo : 25 3 » 

FFCo:5»o:5J» 

INtESER P> 


92i»R»Fl,ClrRLEN, 


RLEN=9500> 

p=3 > HsfuRNoc 1 3=3 o6oThsturnoc aisiSooiNStuftNo tyis^gOo f 

RALT=4800| “ 

PCfc i 3=A » PCtC 2 3 =BVpCTC 3 3=C I P'cTC 4 3=0 » PCtC b 3=61 

LAMS=2»4AMLI LAMT=LAML» 

CALRCFCRALT^RCFrj - 

CALA(LAML»PCT»A11»A22»PAK) I 

C AlER ( RCF » RLEN » CHlEn . P » E ft r HSTUrNO) I 

CALRRATING(LRLEN»ER»PCT.RRaTIN6) » 
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C ALR ( LAML rRftAtrN^^^^ U 

CALCKPCT»C1»PAK) I 
CALF1(PCT»F1»PAKJ » 
CALT(LAMS»PCT»T*PAK) I 
Al=3600/i-AML» 

gi=ai-r-cii 

■ A2=G1**2+Al»*2i '■ 

e=l/6ll 

S1=F1-C1» 

_ T1=ExP<6*S1) > 

T2=ExP'('-®^*T")'» 

T3=i-T2» 

■ w2i=Ai*(Ti-iV-sTi 
J1=A1*T1*T3I 

J2=J1*W21+T1*(A2*T3/2-A1*T*T2) I 
T4=LAMT*Jl/36f>0» 

wo=j2*LAMT;^(36ouiTr-myr 

W1=A2/{2»A1)-G1» 

aD=laml*A'227('72O0-2*^ 

W=W21+Wl+W0» 


tNO l^ELAYl 

WRiThCETJErCr)] 

WRllEl'RUN NUMBER=’*F)I 
■“WRiTE O INPUT DAtA 'lMASrM 

1 = 1» 

P=0I 

SEPrSOOai EXT=1000» CLR=1000I LCTOL=l5000l 

REa'U (■ inVM'Ixn J» ACtC 0’»'i irNOACc ’i’J» ACTC 0>'2'JrM6AXC 2T, 

ACTCO»3 3fNOACc3D»ACTCO»4D»NOACC43, 

P=P-^t> 

WRlTE(PRINTERr ID .MIXC 1 J. ACTC 0 » 1 D.NqACC 1 3 r ACTC 0 »2 3» NOAC[ 2 D» 

ACTCO»33»NOACr33»ACTCO*43»NOACC4], 

_ IF ID NEQ 12 then 60 jO ERR3» 

^ F6¥L=l'sWP'l'WfiL'l^i‘‘Db 

BEGIN 

J=l» 

READdO , CIDCL.J3»TAPCLJ»TMAXCL3 »LaMSCL3»CTlCL], 
LSfOUL‘JrbR2)r 

IF LAMSCLJ EQL 0 then LAMSCL3=1I 

. 

TMaXCL3=4» 

write (printer. 1D»C10CL.J3»TApCL3»TMAXLL3»LAM!>CL3,CTLCl3» 

LST0LCL3.DR20UT) I 

TM“AXCL^=T'^A«L'3*6bi 

FOR J=1 step 1 UNTIL mIXCI3 00 

begin 7 

READ( ID. CIDCL. j3.ACTCL.U3.TpCTtL» J3 »ACClCL»J3» 

PCTOLCL.J3.PSTOLCL.j3.DR3) » 

P=P+1» 

WRlTErPRINTER .ro. CTO'C U ^ 3 » ACClCL »J3» 

PCT0LCL,J3.PST0LCL.J3^R30UT) ) _ 



^ PSCL3=0» 

For j=i step i until Mixct3 bo ~ 

IF ACCLCL.J3 EQL 4 TH£N PSCL3=PSCj-3+TPCTCu» 


A 
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TT T7W>n.T E13L TTHEN 

begin ACL3=(LAMSCL1/2) »BCL]=0» GO TO RWAy END ELSE 

TF TAPE L 3 ‘ETaL’ 2 THEN " “ 

begin ACL]=(LAMSCL1/4) »BCL3=0I GO TO RWAy END EL$E 

IF TAFC L 3 £QL 5'THETN 

BEGIN OCL3={ ( (PSCL1)*(LAMSCL3I )/2) IALLJ=( (LAMsCL3)/2 

- -BTL31 TO WAy * ^nO ELSE - 

IF TAPCL3 £QL 4 THEN 

BEGIN BLLJ=( ( (PSCL3)*(LAM5CL]) »/4) I ' 

ACL5=LAMSCL3*( 1-PSCl3)/2.0I «0 TO RWAY END ElSE 

3 -j TflrN 

begin BLL J=( ( (PSCl3)*(LAMSCL3) 1/4) »ACL3=( ( (LAMsCLJ)* 

RWAY END ELSE 

IF TAPCL3 tQL 6 THEN 

begin ALLJ=0) BCL 3 =< (|_AHsCL3)/Ji) I 60 TO RwAY END ELsF" 
Go TO ERR4I 

RWAyY pCTCLVn=o;ifi'WTCU2T=oV0V PCTrLV3^=0,XI)PCTrL»4j=0.0 

HCTCL»5J=0,0I 

begin 

lE aCclcl.JJ tQL 1 THEN PcTCL»lT=( iPdCLfJJ+PcTCLflD) ELSe“ 
IF ACCLCL»1J EQL 2 THEN PcTCL»23=(TPCTCL» J3+PrTCL»23) ELSE 

I F A'cCLTL j 3 Eql 3 ThETn PC Tc L ^3 T= ( TPCTt L , j 3+PCTcl.V3T) 'EL'sE 

IF ACCLCLfjI EQL 4 THEN PCTcL»43=(TPLTCL» J3+PCTcL,43) ELSE 

tf‘ acc’-'cl » j 3 'eql ■ 5 TnrN pcfrLrsys rrpLTcvrj » s 3> else 

GO TO EKR1» 

EndI 

N=0» 

-F3:' - N=N+Tr-AA-=ATL'3/l^r'!F-7fCLy LES^ 

begin RWtTOLCL3=0» GO TO F6 EnO» 

delay ( AAiPctrL ri 3VpctfLr2y»pcti l 3VPCTC * 

PCTCL>5J»GCDELAYCL3>Ar OELAYCL3»CTLCL3) » 

IP GCDELATCL3 LsS 0.0 OR ACOELAYCL3 LSS 0.0 THTN“~GD fonFfO'l 
IF 3COELAYCL3 GTR ACOeLAYCL 3 
THEN WCMAXCL3=S’CDELAYfLy 
ELSE WCMAXCL3 =ACOELAYcL3» 

IF W'CMAxfLJ LSS TmAxcL 3 »HEN BEGIN ■RWCfoLCLDr^^^^ 

end else 

F2o5 IF N GTR 12 THEN 60 TO FRR2 ElSE qO TO F5» 

F6: M=0» 

Fa: M=M+ii ‘ 

BB=BCL3/M) IF BCL3 LEO 0 THEN 
begin RWsTOLCLDs oT go’ to'F^^ 

delay (BB »PCTCL.13»pCTCL»2J»HC TCL»3J»PCtCL»4]» 

PCTt L » S J » GSDEL A YC L 3 » A^DELA YC L 3 » CTLC L 3 ) I ~~ 

IF GSOELAYCL3 LsS O.Q OR ASDELAYCL3 LS^ 0,0 THEN GO TO F21» 

1 F GSDELA YC L J GTR ASOeL A YC L 3 
THEN WSMAXCL3=6SDELAYrL3 
ELEE" W5MAXC L 3=A5 del 'fYc LT f 

IF WSMAXCL3 LSS T MAXCL3 THEN BEGIN RWSTOLCL3=MI 60 To Fy 

END ELSE ‘~ 

F2i: IF M GTR 8 THEN 60 TO ERR2 ELSE Go TO FP» 

■ -TTryF-nA'pCLy ERL I OR rAPELT EOL 2r AN13 (PSCL3 NEO OVdl 

then begin 

SSDELAYrL3=6CDeL*YfL3» 

ASDELAYCL3=ACDElAYCL3 EN0| 

IF tahlLJ tUL 1 THEN 

begin 
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C TOTARE AC L D » STOTAREAC L D . CTOTEXC L J r STOTEXC L 3 , 
CAvtTAXICL3,SAVEtAXICL3) » 
totlinftrunc L 3=RWCT0LC L 3*LCT0L » 

■ EnO ELSE 

IF TAPCL3 EQL 2 THEN 

area ( RWCTOLC L 3 » RWSTOLC L 3 * LCTOL » LSTOLC L 3 » SEP , CLR »EXT» 

CTOTAre AC L 3 » StOTAREAt L 3 , CT6TExC L J » STOTEXC L 3 , 

CAVETAXICL3»SAVETAXICL3) » 

CTOTEXCL3=2.0*CTOTEXCL3 I 

T6TT-TNrfRWCLW*JfwCToi:Ct3-*^^^^ 

End else 

IF TAPCLJ EQL 3 THEN 

8E6IN 

ARWTT?wCTOLrL7rITw5TOLCi:y»XfTCn:'.i:STOi:CtT»SEP,XLftVEXtV‘ 

C TOTARE AC L 3 r STOTARE AC L 3 , CTOTEXC L J * STOTEXC L 3 , 

■caV£taxicl3Vsave 
toti-inftrunc L 3=RWCT0LC L 3*LCT0L f 
End else 

IF TAPCL3 EOL 4 THEN 
BE'SJN 

ARE A ( RWC TOLC L 3 » R_WSTOLC L 3 » LCTOL » LSTOLC L v SEP » CLR » EXT » 
CARXAiVSAREAiVeEXARE'AiVSXxAREAr^Cf 

are A ( 0 , RWSTOLC L 3 » LC TOL » LSTOLC L 3 , SEP » CLR » EXT » 

CArEA2»SAREA2»CEXAREA2»SEXAREA2*CTAXI2,STAXI2) » 
CTOTAREACL3=CAREA1+cAREa2I 

CTOTEXC L 3=CEXAREA1+CEXArEA2 I 



CAvETAXICL3=CTAXI1» 

SAvtTAXICL3=(STAXIl+STAXI2»/2.0l 
TOT^-I NFTRUNC L 3=RWCT0LC L 3*LCT0L » 



IF TAPCL3 EQL 5 THEN 

ae^iN- 

area ( RWCTOLC L 3 » RWSTOLC L 3 * LCTOL » LSTOLC L 3 » SEP , CLR » EXT» 
CTOTAREAC L 3 » STOTAREAC L 3 .CTOTEXC L J » STOTEXC L 3 , 
CAVETAXICL3»SAVETAXICL3) » 

STOTAREAC L 3=2 . 0*ST0TARE aC L 3 1 



STOTEXC L 3=2> 0*STOTEXC L 3 1 

TOT<-INFtRUNC L 3=RWCT0LC L 3*2« 0*LCT6l I 
end else 

began 

>RXATRwCT0LCLT»RwSTdLlTLy»LCT6L7L^T'<5tCL^ 

CTOTAREAC L 3 » STOTAREAC L 3 » CtOTEXC L 3 » STOTEXC L 3 » 
CAv£TAXlCL3fSAVETAXXCL3) l 

End else 

So ro 

END» 

“WRlT£TSOOTPOTT5ATA-rMA«Evrr 

FOR J =1 STEP 1 UNTIL MIXCI3 Oo TOTOPSC D 3=0 , 0 I 

FOR J=1 STEP 1 UNTIL MIXC 13 Oo 

for L=1 step 1 UNTIL 11 OO 


8EGi’N"‘ 

TOTOPSC J D=TOTOPSC J 3+TPCTc L » J 3*L AMSC L 3/2 . 0 1 

IF TOTOpSt J3 EQL 0 HEN ToTOPSC J3=il 

ENr> 

F OR 'j=Y Step 1 * UN T IL m I xc i 3 dq suMt j 3=o , o r ■ 

FOR J=1 STEP 1 until '^IXCI3 Oq 
for L-i STEP i UNTI^L' iV 

IF ACCLCL»JJ EQL 4 OR AcCLCL»J3 tQL 5 

THEN SUMC J D=SUMC J ]+LAmSC L 3*TPC1 C L » J 3*»5DElAVC L 3/2 . 0 

ELSE SU'^LU3=SUMC J3+lAMSCL]*TPCTCL,j3*6CUELAyCL3/2.0» 

FoR' j-l STEP' r UNTIL MIXCTY DO' 

A VEGRDEL A YL J 3=SUMC J 3/TOTqPSC J 3/3600 , 0 1 

FOR' j=i STET’ l UNTiL M^ixr n co ‘suHiJisir. 0 » 

FOR J=1 STEP 1 until MIXCI3 Do 

FOR L=1 STEP 1 UNTIL H HQ 

IF ACCLCL»JJ EQL 4 OR AcCL[L»J3 tQL 5 

THeT^ SUMC j T=SuMC JTFl-UHSC U JWTPCTTLV J^aSaVETAXT C t 3 

ELst. SUMC J 3=SUMC J 3+L AMSC L 3»TPCTC L » J 3«C A VETAXI C L J » 

T^OK J=r 5TE1» T UNTIL -|^IXC n 06 

AVEURDELA YC J 3=SUMC J J/TOTOPSC J 3/3600 . 0 +a VE6R0FLA Y[ J J > 

For J =1 STEP 1 UNTiL MIXCI3 Do 5uMCJ3=D,0» 

FOR J=1 STEP I UNTIL M1XCI3 0© 

for X= I StTP'T UNTIL' 'I i' 00 

IF ACCLCL»JJ EQL 4 OR AcCLCL»J3 tQL 5 

THEN' SUMC'J J:?S'U«rJT+L««ScL T*'TPC TCt7;j3 * ASUELA yC l T/2 .'6 

ELSE SUMC J]=SUMCJ3-FLAMSCL 3»TPCTCL»J3*ACDELAYCLV2.n » 

FOR J=1 STEP 1 UNTIL MIXCI3 qO 
_ AVEAIROELAYC J3=SUMCJ-)/T0tOPSCJ3/3600.0> 

■■ 'For l=I's'Te'p 'I' Until ' li 'Do'RteiN 

^CRES=r>. 0000231 UU=CTOTaREACL3*ACRES» 

VV='sT0TAREACL'3'*ACRtS'l WW=StOTEXCL 3*^^^ 

XX=CT0TEXCLJ*ACRES| 

WRITE (PUNCH. C I DC L . n . UU .V V. »W . Xx . TOTLlMFfnUNC L 3, 

RWSTOLCLJrTMl) I 

'w'R'lTECPRyNTLR 'r'c'ioc'u i"3»uu'7vvvrw.x*'rfoT^^^ 

RWSTOLCLJ. IMl) » 

.. _ ^ 

FOR L=1 STEP I until H DO BEGIN 
U=t»5UELAYLLJ/60» V=ASoELAYCl3/60» 

W=SAvETAXICL 1/601 XsSCDELAyCL 3/601 

yrACUELAYC U3/6II I 2'=c»VETA'XlTL 3/SoT 

WRITE(PUNCH. U»V»W»X»Y.Z»cIDCL. 1 3.tF) I 
WR'lTE'rPRlNTrR'.''U»'V.'r.X'»YVZVcIOC'L'»T3'»EFjT CNUi 
for J=1 STEP 1 UNTIL MIXCI3 DO BEGIN 

WFiTE (PuMCH , ACTC 1 , J 3, aWGRDELA TC J J , AVtAIRDELAYc J 3. AC ) | 

WRITE (PRINTER .ACTCl,J3.AVE6ROELATCJJ,AVtAIROELAYcJ3»AC) 

EnD» 

__ FOR L=1 STEP 1 until 11 DO BEGIN 

■ ACRES'=0, '000623 1 ■■UU5CT0TARErACL3'*ALRES^^ 

VV=ST0TARE AC L 3*ACRES 1 WW=StOTEXC L 3*acRES I 

xx=ctotexclj*acresi 

WRI TE ( PUNCH » C I DC L . n » UU » VV » W*r . XX » TOTLINpTRUNc L 3 » 

RWSTO'LCl3.Tm2)T 

WRITE(PRINTER » CIDCL.I3 .uu»vv.ww.xx»tutlinftruncl3, 

R WSTOL'C L 3'» Tm2')'| — 

EnU» 

WHlTElPRiNtER.TtftHriEAOA) | 

WRItE(PRINTEr,TErMHEAOB) I 
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WRrTECpRlNTERVTCTMHETAOtyT 

FOR L=1 STEP 1 until 11 DO BESIN 

■ *CKL5=O.OOOOZ3> UUrcTOt (vRCAC L 1* ACRES | 

VV=ST0TAKE AC L ]♦ ACRES » WW=StOTEXC L 1*ACRES » 

xx-cmi-xrL J*ACRE5i' 

*^R I TE ( PR I NTER »CIUCL,U»VV»UU»WW»XXr TOtLI NFTRUNL L 3 ♦ R WSTOLC L 3 f TErMDATA ) 



WRITECPRINTER.EFFHEADA) > 

write(prInter»effheadb) y 

►'RlTEt printer »EFFHEADC) » 

T= OR- Xr r 'STEP 1' uNTTL XY" DO' BE^rN 
W=SAveTAX 1C L j/6n I X=GCDELAyC l ven I 

Y=ACDELAY[ L J/60 I 7=cAVETAXIC L ]/60 1 

WRiTr(PRINrEHVEFFDATA»ClOI!L,lJ» V7YVU»X,W,7-) — ERIH 

WRITE(PRINTER.ACHEADA) » 

\<Rl tE rP'ftYNTERVACHtAOeri 
FOR J=1 STEP 1 UNTIL MIXCI3 DO 

wlRrTETPRlMTrR;ACTa'.J3VAVESRO'ELArcJI»‘*V«ll«DELWTrJ3»ACUATAri‘" 
begin 

REa>- THRES»C{ 

■real' array ACoSfC^'l^ J'^CoWOTITlVMCOsTCiynX J.TCeSTCbTlTTr 

INtLGER PKG»TNAC»Z»ZT»0» j; 

format 'f i (V 2a • Vi Va'f'A D'i 

FOR j=l STEP 1 until 5 DO 
TNaL=TNAC+NOACC J 3 » 

PKG=CTLC1 J» 

■ FOR ■ Z= 1 STEP' Y'’UNf YL ■ 3 DU 

begin 

■TcbsTcz3=6;o» 

GCqSTCZ 3=0.0 

eno» 

FOR Z=1 STEP X until 11 00 
begin 

_IF TAPCZ3 EQL 1 OR TAPCZJ EQL 3 OR TAP[;^Z3 EQL _6 

■ then' zz=i 

e lse if TAPCZ3 EQL 2 OR TAPE Z 3 EQL 4 

Then zz=2 

ELst ZZ=3I 

■■■TWES=rZZ'*5'00dT)'/V36’5i^^^ 

IF LAMSCZJ GEQ THRES 
THEN BEGIN 

TCoS»TC 1 3=TC0STC 1 3+ZZ*2 . 550 1 
“T'CoSTC 2 3STC0STC 2 3+ZZ*3. 010 » 

TCoS»TC 3 3=TC0STi: 3 3+ZZ*3. 010 » 

■ MCoSTC 1 3=MC0StCl T+ZZ*V6'41 ■» 

MCoSTC 2 3=MC0STC 2 3+ZZ* . 661 1 

■■ MC’6S'fC'3 3=MC0Sf E'3T+^^^ ■ ’ 

End 

ELSt BEGIN 

TCoSTC 1 3STC0STC 1 3+ZZ*2,256» 

TCoS'Tr2 3=TC'6stC'2'3'+ZZ*^ 

TCqSTC 3 3STC0STC 3 3+ZZ*2. 7O0> 

MCqS'TC 1 3=MC0Sf C'i T+Z^ ♦ . 559 1 
MCOSTC 2 3=MC0STC 2 3+ZZ* , 579 » 

MCqSTC 3 3=MC0STC 3 3+ZZ* , 584 1 

end 


3^3 


*Wb» 

ACo5»TC1]=.015» 

ACo^H2J:.026> 

ACoSTC3]=.O07» 

' ecbSTC i 3=13. 22 r 
GCoSTC2J=22.378» 

■ GCoSTC 3 3=22 .37eT ' 

MCoiiTC 1 3=MC0STC 1 3+1 . D94 1 

MCo5TC2 ]=MC0 stT2 3+1 . 5 i 

MC0i»TC33=MCOSTC33+1.5l 

C=(TC05TCPKSy+At0bTCT’KST*1WAr+TCOStT»»K93)*lV9+»CTJSTCPK«T*27,71T 

D=c*1000000» 

T30l=O^» 

WRirEt*0=»»D)> 

WRiTEt* CONTROL PK6=«,PKG)» 

WRITE (’CONTROL COST=*,D>» 
wRi rECp'ONCRVFi ron 

ENof 

FOR L=1 STEP 1 UNTIL 11 DO BEGIN 

IF TAPCLJ EOl 1 then BEGIN 

stoi-apclj=o I 

CTbLApn.T=i -y 

STcTAPCLJ=OJ 

'END ELSE' IETaPCXT E(5l 

STOl-APLL3=0 I 

CTo‘-APCLJ= 2 — i 

STcrAPCLJ=0» 

■END‘ELSE'TrTAP[:1^yE(5L“3fTHENHC&lN 
ST0>-APCLJ=0 t 

Ef OLA'PC LT=0 ■» 

stctapclj=i» 

END ELSE IF TAPCL3 EQL 4 T«EN BElSiN 
SToI-APCL3=1» 

CtoLAPC'L3=0T 

STC^APLLJ=1» 

End ELSE TF' TAPc’L^ ESl B^ THEn 
SToI-APCL3=U 

“croCAFnn=Ti — 

STcTAPCL3=1I 
end ELSE 
begin 

Efol-APCLDsir 

CT0‘-APCL3=0I 

5TrlAPlLJ=(n 

END* 

'End* 

WRITE (EJECT) » 

WR'iTErSTAl?))' 

WRITE (RM1»E» TMAXC 1 > » CTLC 1 3 » DOL ) » 

KRI It (STAR) t 

WRITE ( t 

^ _ .. vtotal* 'hold Time 

CMINJ * TAXI * ♦ *» 

WRITE ( ( 

♦C ♦ NUMBER OF AIRPOR T S* RUNWAYS ♦ — TOtAL~* ' EXCESS «FEET P««*«**9****« 
♦♦***♦♦* time *ops *c *♦ 
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) I 

WRlTE( t 

i PER i — acres « ACRES *UTOL « i — 

* CMIN3 * hp;r_ *I _ 

... 

WRiTE( ♦ 

Vt ♦ i' ATRPOR't * * *KSfSr * Ifflf * V" 

GROUND ♦ * HOUR *T ♦' 

) I 

WRtTE( t 

*Y ****i***m*m********************m***m********^****** *m******i*i^^i 

****************** *' 



WRITE (STAR) > 

WRITE! • 

* *STOL*CTOL*STOL/CTOL*STOL*CTOL*STOL*CTOL*STOL*CTOL* *ST0l*CT0L*ST 

■0L*CT0L*5T0LicT0L* ♦ V»" 

For L=r STEP Y until ■U'Dd'‘BE^^ ' 

VV=STOTAREA[:l 3*ACRES» 

UU=GT0TARE AC L ]♦ ACRES I 
WWzSTOTEXC L 3* ACRES I 
XX=CT6TEXCLD*AC'RESi 
U=GSUELAYCL3/60> 

V=asuelaycl3/6oT 

W=c;AVETAXICL 3/60» 

X=Gt:UELAYCL3/60j 

Y=A^UELAYLL3/60» 

Z=CA'VEtAXULy/6d> 

WRITE! RM2 » C ID[ L » 1 3 . STOLAPC L 3 » CTOLAPC L 3 . STCTAPC L 3 » RWSTOLC L 3 , RWCToU L 3 * 
VvVuu»ww»xxVtdtLiI^'EtRuM\:'3Vvr^^^^ 

END» 

WRI IE!STAR) I 

WRITE! t 


) I 

WRfTrf i 

♦ ft/C « ♦GRQUNO* AIR** 

) I 

WRITE! » 

■*Ic£Nf*‘"'NO.*''tlME *H0LD*» ■ ■ 

) I 

WRYfET ■ t 

♦ ♦ ♦ CHRS3*T1ME»* 

) I 

FOR J=1 STEP 1 UNTIL MlXtlJ DO 
WRYTE!RM3» ACtc bV j‘3rNOACLd 3» AVEWDE'lA'y'C 

WRjCT^! I. 

‘ **if********************** 

) f 

60 TO FINAL I 

ERRi; WRITE(PRINTER»FMT1) » 

go to fTnTsht 

ERR2: WRITE!PRINTER»FMT2)> 

■ 60T0'FlNrsFf» 

ERR3: WRlTE!PRINTERtFMT3) » 

SO TO' FTnTsHJ 

ERR4t WRITE(PRINTER»FMT4) » 


3U5 


GO TO f rNrsHT 

ERR7: WRITE(PRINTER*FMT7) f 

SO TO FINISHI 

finish: for Q=P step 1 until do 

READ{FMtVNOtH)T 


■FrNAL;'ENDi 
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APPENDIX 6-C 


NATIONAL AIRSPACE SYSTEM (NAS) DESCRIPTION 

The automation of the NAS ATC System will take place at both terminals 
and enroute facilities. The present automation program, NAS En Route Stage 
A, concerns only the en route portion of the NAS. This automation will be 
followed by Stages B, C and others as required. 

The NAS evolved from four needs identified by the FAA*s System Design Team: 


( 1 ) 

Need for increased traffic handling capability and efficient 
movement of air vehicles thus reducing traffic delays. 

( 2 ) 

Need to maintain or increase safety with increased traffic 
handling capability. 

( 3 ) 

Need to simplify control process. 

( 4 ) 

Need to provide system growth potential. 


The system goals of NAS were outlined as follows: 


(1) 

Provide automation features for easy transfer and accurate 
processing and up dating of flight information. 

^ (2) 

Provide automatic display of altitude or flight level infor- 
mation with aircraft positions. 

( 3 ) 

Provide automation aids for establishing and maintaining 
radar identification of aircraft in the system. 

( 4 ) 

Provide a computer processing capability to serve as the 
basis for implementation of subsequent automation improvement 
in ATC . 


The goals of NAS En Route Stage A are being provided through the following 
capabilities : 


(1) 

Automatically and manually initiate computer program tracking. 

^ (2) 

Bright display of alphanumeric and radar data. 

( 3 ) 

Entry and processing of flight plan information. 
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(4) Flight progress strip printing at the appropriate sector postion. 

(5) Provision for entering and receiving new and revised flight data 
(updates) at all operating positions. 

(6) Intersector coordination through computer-generated alpha-numeric 
displays both plan-view and tabular. 

(7) Interfacility coordination through the use of computer 
transmitted data. 

(8) Computer generated displays of geographic and weather data. 

(9) Provision for automatic computer initiated hand off capability 
with provision for manual hand off interrupt. 
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APPENDIX 6-D 


SAFETY CONSIDERATIONS 
STATISTICS 

The concern for safety in the design of an air traffic control system 
was of paramount importance. However, the measures of safety and prediction 
of safety levels are often disputed. 

Most statistics regarding safety levels (accidents, fatalities, etc.) 
are maintained with reference to the passenger mile. But, it does not seem 
reasonable that this reflects a true measure of risk. Statistics indicate 
that an increased percent of total accidents take place in the HUB area during 
landing and take off (See Fig. 6-D-l). Therefore, the level of danger is 
higher during take off and landing. Relating risk to take off's thus appears 
to be a more relevant indicator of degree of danger (See Figures 6-D-l, 6-D-2 
and 6-D-3). 
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APPENDIX 6-E 


PILOT WARNING INSTRUMENTS AND COLLISION 
AVOIDANCE SYSTEMS 


6-E-l General 

Much industry and government work has been concentrated on collision 
avoidance systems and pilot warning indicators since the Air Transport 
Association (ATA) first asked for industrial proposals on collision avoidance 
systems in 1955. The FAA has assumed the responsibility of coordinating these 
efforts and has established the Collision Prevention Advisory Group (COPAG). 

Since 1955 many systems have been proposed, built and tested. However, 
no system has met universal acceptance. This report describes some of the 
systems that have been proposed and the advantages and disadvantages of the 
system. 

Two terms have come into usage to distinguish between two subclasses of 
collision avoidance systems. The term Pilot (Proximity) Warning Instruments 
(Indicators) or PWI refer to a class of devices that warn the pilot of nearby 
aircraft. A PWI is intended for use during VFR conditions since visual contact 
is still required by the pilot in order to avoid collision. A PWI might be 
a red light on the instument panel that flashes when another aircraft is within 
five miles, or in addition indicate the range and bearing of the intruder. How- 
ever, the device could not distinguish between a collision threat and a safe 
miss. 

Collision Avoidance Systems (CAS) have come to mean a class of more soph- 
isticated devices that would prevent collision regardless of whether an intruder 
could be seen or not. This device would tell the pilot what avoidance maneuver 
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to make or perhaps automatically initiate an avoidance maneuver. Obviously 
it is desirable for the device to be able to distinguish between safe passes 
and emergency situations. 

Also CAS and PWI are classified as being cooperative or self sufficient. 

The cooperative system requires all aircraft to carry some type of equipment 
which permits detection by other aircraft. In the self sufficient systems, 
no special equipment is required in order to detect intruding aircraft. 

6-E-2 Proposed CAS and PWI System 

Many CAS and PWI systems have been proposed since 1955. This section ' 

considers five basic principles of operation that are considered promising. 

All of the systems found in the literature were applications of these five 
basic principles. 

6-E-2.1 Infrared Devices 

A number of different infrared systems have been proposed. The main 

attraction for infrared devices is that they are inexpensive. However, it 

has been difficult to achieve the range and accuracy needed for adequate 

warning. All aircraft do emit in the infrared spectrum but it is difficult 

to detect particularly in sunlight when a large amount of background infrared 

( 

emission is present. Attempts have been made to distinguish aircraft emission 
by detecting the pulsating emission of the piston engine; however, this was an 
earlier technique and has become obsolete with the advent of turbo prop and jet 
aircraft . 

It has been fairly well established that self sufficient infrared systems 
can only provide a very limited amount of protection [11] . Cooperative infrared 
systems hold a greater possibility. In particular, a high intensity light is 
used to enhance the target. A cooperative system has been proposed [8] that 
has a range of 2 to 5 miles, and relative azimuth and elevation accuracies 
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within +5%. At a moderate closing velocity of 600 mph the pilot has 20 to 
50 seconds to locate the intruder and manuever if collision is a threat. 

6-E-2.2 Transponders 

Transponders are cooperative systems that would require every aircraft 
to carry ar least a transponder. More fully equipped aircraft would carry 
equipment that would evaluate the situation and the avoidance maneuver would 
have to be implemented by the fully equipped aircraft. 

The transponder is a device that responds to an interrogation signal of 
another aircraft. This system has many aspects of radar except that instead 
of depending on reflected signals, the target transmits a signal. The trans- 
ponder signal may also be coded with the barometric altitude which is used to 
evaluate actual collision threats, i.e. aircraft at the same altitude. 

In the Bendix system [15] the range is determined from a ground bouncing 
technique. The phase shift of the direct transponder signal and phase shift 
reflected from the ground is a function of the range and the altitude. Since 
the altitude is known, the range can be determined. The closing velocity can 
be determined by measuring the change in range over time. The doppler frequency 
shift cannot be easily used with this system since it would require extremely 
accurate calibration of the transponder signal. The direction of the intruder 
can be obtained by the direction of the antenna when the inerrogation signal 
was sent. 

A Motorola system sends interrogator signals with altitude coding. Air- 
craft with altitudes within 1000 feet respond. The bearing is determined by 
comparing the phase shift of signals from three different antennas. 

The Air Line Pilots Association have been studying a transponder CAS [l7] . 
They estimate that a fully equipped, fully protected aircraft would have equip- 
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ment costing about $5000. All aircraft would be required to carry equipment 
costing $50 to $100. 

6-E-2.3 Time /Frequency Systems 

The terra time /frequency refers to several systems that require frequency 

g 

accuracy in the range of 1 part in 10 . These frequencies in turn operate 
’’clocks.** Each aircraft is assigned a time slot in which to transmit a signal. 
An aircraft receiving the signal determines the range knowing when the time slot 
began and when the signal was received. This would correspond to about 1000 ft. 
per microsec. The closing velocity is determined by the doppler shift of the 
frequency. Coded barometric altitudes can also be transmitted. 

The McDonnel EROS [16J system is a time/frequency that has been used by 
military aircraft. Each unit costs about $25,000 and weighs 30 pounds. In 
order to hold unit costs down, crystal oscillators are used which require 
frequent updating to correct for oscillator drift. Ground stations are used 
as master clocks to synchronize onboard clocks. These ground stations would 
have to be constructed at intervals of three or four hundred miles. 

6-E-2.4 Continuous Wave 

One recent development made by Langley Research Center is an open access 
C. W. CAS [ 7J . This system avoids the high cost of impulse type transmitter and 
receivers. 

The protected aircraft concisely transmits two signals at different fre- 
quencies. The intruder receives the two signals and transmits the difference 
of the two frequencies. The difference in signal is received by the protected 
aircraft and compared to the difference of the transmitted frequencies for the 
doppler shift. The range is determined within 33% by the strength of the received 
signal . 
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6-E-2.5 Cockpit Display 


This system presents a cockpit display of all aircraft in the area as 
transmitted from fround locating stations. A very simple version of this system 
would be a portable TV in the cockpit and a TV camera monitoring the ground 
controllers screen. The problem with the wide spread use of this simplified 
system is that the band width of the TV signal is too large. A slow scan TV 
might bring the band width within tolerable limits. 

Another approach is to transmit coded locations. The onboard display 
would be a cathode ray tube similar to a radar screen. Transponsers would be 
used that allowed the ground station to determine and code the altitude of 
each aircraft. When the ground station would transmit the coded data, the 
outboard receiver would select and display only coded altitudes within a 
certain range of its own. This system could also be used for navigation. 

6-E-3.1 Military Requirements 

The largest percentage of military midair collisions occur among ass- 
ociated aircraft. For example two thirds of the midair collisions of Navy 
aircraft occur among aircraft that are operating together [3] . These coll- 
isions occur during tranining missions and during formation flying where each 
pilot is aware of the presence of the other aircraft [2] . High closing rates 
also present a problem to Air Force and Navy aircraft. Thus the military 
requires a fairly sophisticated system that could operate while aircraft are 
in formation and would automatically initiate an avoidance manuever when an 
actual collision course is detected. 

6-E-3.2 Air Carrier Requirements 

The primary difference between the military requirements and the air 
carrier requirements is that the air carriers do not operate in close for- 
mation. In addition, the closing rates for most of the air carriers are 
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not as high as those of military aircraft. The air carriers do desire a 
sophisticated CAS that would act as a safeguard when ATC has failed to 
provide separation. Most air carrier operators feel that a good CAS would 
require a cooperative system. Thus, some legislation would be required to 
implement such a system. ALFA feels that a cooperative system on all air- 
craft is not possible in the near future because the cost of the equipment 
available is too high for most owners [7]. However, it is felt that an 
inexpensive PWI could be used until an acceptable CAS is developed that 
would greatly reduce the risk of midair collisions. 

6-E-3.3 General Aviation Requirements 

The ALFA [5] whose members fly 98% of the aviation fleet desires a 
simple device that would alert pilots to other aircraft operating in the 
area. None of the present CAS are acceptable to general aviation operators 
because the equipment required for complete protection is much too expen- 
sive. In addition, the equipment that would have to be carried on board 
would provide protection for only a small percentage of aircraft operating. 

A 
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APPENDIX 7- A 


7-A-l Reference Travel Time 

Reference Travel Time (Reference Time) is based on the expected 
travel time of the air passenger in 1969. The relationship between the 
expected travel time and distance is shown in Figure 7-A-l. The elasti- 
city of the travel time is the ’’percent change in the amount of travel 
time to percent time differential.” This elasticity has the value of 
0.3 [1]. Thus, a one percent increase in travel time would decrease the 
Revenue Passenger Miles (RPM) by 0.3. The effectiveness function for 
flight time (EFT) is: 

EFT time , 

actual time •* 


7-A-2 Fare Elasticity and Reference Fare [2] 

The fare elasticity depends largely on the purpose of travel and 
has a value of 0.1 for business travel and 1.4 for non-business travel. 
This is based on estimates resulting from discussions with airline 
planning and marketing personnel. Assuming a 70-30 percent split of 
business and non-business travelers the overall elasticity is 0.45. 

The elasticity of the fare is defined as the ’’percent change in 
amount of travel to percent fare differential." This elasticity has the 
value of 0.45, as discussed above. 

This leads to the effectiveness function for the fare (EFFA) : 

EFFA = [leferencef^] 
actual fare 

The reference fare is computed from the 1969 air fares and the 
average cost for transportation to/from the airport, as shown in Figure 
7-A-2. Due to time constraints it was necessary to omit this from the 
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Figure 7-A-l 
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final model. 


7-A-3 Frequency 

Figure 7-A-3 illustrates the effect of flight frequency on passenger 
demand for service, taking into account the variations in the competitive 
ground transportation travel time. On the basis of this figure, one can 
compute the percent of the total number of potential air passengers that 
will seek air service for any flight frequency per day, given the distance 
traveled. 

The total number of potential air passengers are those who would 
fly if these were a continuous "conveyor” of seats between the origin and 
destination. Since continuous (conveyor) air service is not provided, 
some potential passenger will use a surface mode because it is more con- 
venient for them to do so. For a given surface travel distance, the per- 
cent of potential airline passengers that will seek service can be computed 
for any given frequency. 

The example of a high demand, short distance market of Figure 7-A-3 
shows that one flight per day will find about 20 percent of the total pass- 
engers seeking the service. With two flights this grows to about 42 per- 
cent, and if 20 flights per day are offered, the demand increases to 98 
percent. Note that for longer trips the frequency required to obtain 90% 
of the potential decreases. 

The curves for Figure 7-A-3 are represented by the exponential 
function: 

EFF = 1 - exp [- (0.0542 M ) F ] 

where: M ... Flight distance in miles for 100<M<1500 

F ... Flights per day 
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Figure 7-A-3 

7-A-4 Ride Comfort [1] 

Ride comfort is quantified by calculating the vertical g's (bounce) 
due to a unit gust loading. This is a function of an airplane's charact- 
eristics (for example: wing span, aspect ratio, weight, altitude, speed). 
The ride comfort elasticity is defined by the ratio of "percent change in 
RPM to percent change in ride comfort." This elasticity has the value of 
0.15. That means one percent change in ride comfort implies 0.15 percent 
change in RPM. 
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7-A-5 Noise [1] 


The overall sound level in the interior aircraft cabin is the aver- 
age of the sum of the sound pressure levels of all frequencies between 600 
and 4800 CPS and is measured in decibels per passenger-hour. The sound 
level elasticity is defined by the ratio of "percent change in RPM to 
percent change in the inverse of the sound level." This elasticity has 
the value of 0.15. 

7-A-6 Safety [1] 

Safety is quantified by taking the inverse of the number of acci- 
dents plus two times the passenger fatalities (accounting for large seat 
capacities of aircraft). The safety elasticity is defined by the ratio 
of "percent change in RPM to percent change in the inverse of the number 
of passenger fatalities." This elasticity has the value of 0.3. 

7-A-7 Effectiveness Function 

Time constraints on the project required the reduction of the final 
equation to the form: 

TRPM = Z (PPM) X (EFT), x (EFF) 

all i ^ ^ 

where: TRPM = Total Revenue Passenger Miles 

i = ith route 

PPM = Potential Passenger Miles 

EFT = Effectiveness Function for Travel Time 

EFF = Effectiveness Function for Flight Time 
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7-A-8 Computer Printout 


The following is an actual computer printout of the Ef fectoveness 
Model written in the FORTRAN IV computer language. 


DIMENSION KOISTUlflDf AFT(11»11)» KFHeQ(11»U), 

1 NSFIJ(11»11)»NCFIJ(11»11), NSPE(U>» NCPE(ll), 

2 NCTAP(ll) ,KST0t-(ll>3>36) >KCT0L(llt3>36) t K6TST(11.2,36) t 

-3 KGTCT(11»2»36)»NSP(11»»NCP(11) »EXTT(ll»ll) 

NPFai>ll»36) 

100 F0RMAT(3X»11I4) 

101 F0RMAT(12>12*11I6) 

102 FORMAT(20X>I2»I2»11I6) 

103 F0RMAT134H AVERAbE FLYING TIME FROM 1 TO J ) 

104 F0RMAT(I2»I2»11F6.3) 

105 FORMAT t20X.I2,12>llF6.3) 

106 FORMAT (26H FREQUtNCY MATRIX I TO J ) 

107 FORMAT (23H CONTROL INPUT RUN NO. tl*U 

108 F0RMAT(I2»I4»6I5) 

109 FORMAT(20X>12»14>bl5) 

110 F0RMAT(I2»I4»4I5) 

111 FQRMAT(20XtI2tl4>415) 

112 FORMAT129H NUMBER STOL FLIGHTS 1 TO J ) 

113 F0RMAT(24H terminal INPUT RUN NO. Oitl 

115 FORMAT 129H NUMBER CTOL FLIGHTS I TO J ) 

11 6 FORMAT <I2fI2 f 22X 3> 

117 FORMAT(20X»I2f I2»22«I3rlX) ) 

118 FORMAT(T2.Ig>I10>I10.I3>16) 

119 FORMAT ( 20X » I2» I2» 110*1 10* 13> 16) 

120 FORMAT (36H EXP STOL PAX* EXP CTOL PAX. APQRT 1 

121 FORMAT! 12*2I3'4X*IB*12X*18*6XrI4) 

122 FORMAT(20X*12*213*4X*I8*12Xil8*6X*I4) 

123 F0RMAT»42H NUMBER OF PEOPLE FLYING I TO J RUN NQ. *14) 

124 FORMAT (?7H1 ERROR IN BLOCK SEQUENCES ) 

125 format (22H1 ERROR INSIDE BLOCK ) 

126 F0RMAT(i>12* 1114.2110*12*15) 

127 FORMAT(20X*212* 1114*2110* 12* 15) 

128 F0RMAT(55H1 THIS IS THE OUTPUT FOR THE TERMINAL MODEL FOR RUN NO.* 
113) 

129 FORMAT! IHl) 

130 FORMAT! 16H1 END OF RUN NO. *I3*19H TOTAL REVENUE = S *F12,2* 

1 17H effectiveness = *110) 

DO 5 1:1*11 

READ!5*100) (KDIST ! I * J) * J=1 * 11 ) 

DO 5 J=l*ll 

D = KOIST(I.J) 

EXTT!1»J) : 50, ♦ ! D / 400.0 ) * 60.0 

S CONTINUE 

MIKE = 9 

N = Q 

NRUN = N 

RPM = 0.25 

DO 60 Lrl.MIKE 

NRUN = NRUN 1 

WRITE !6*107)NRUN 

DO 60 1:1*11 

READ !5* 108) KID* !KSTOL!I*Kl*L) *Ki:i*3) * !KCTOL!l*K2*L) *K2=1*3)*J 
WRITE!6.1091 KID* !KSTOLll*Kl*L) .Kl:l*3) * !KCT0L!I*K9*L) *K2:i*3) *J 
IF (KID.NE.24) GO TO 90 

IF (J.NE.I) 60 TO 95 

60 CONTINUE 

NRUN : N 

WRITE(6*129) 
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DO 70 L=lrMIKE 

NRUN = NRUN 1 

WRITE (6»113) NRUN 

DO 70 Islfll 

READ (5» 110) KID> UGTST( 1 > K1 »L) >Kl = l>2) » (K6TCT( I »K2>L) rK2=l»2) >J 
WRlTE(6.111)KlD»^^6TgT(l»Kl.L^.K1S1.21.(KSTCT(l.K2.L^^K2=1^21.J 
IF (KID,NE,34) GO TO 90 

IF tJ.NE.I) GO TO 95 

70 continue 

tiRUfLJLJJ 

WRITE(6,129) 

DO flO LsliMIKE 

TR = 0 

WRITE(6.129) 

NRUN = NRUN ♦ 1 

WRITE (6i 123) NRUN 

10 DO 20 1=1»11 

READ(SMOl) KIO>K>(NPF(ltJtH.JS1.111 

WRITE (6» 102) KIO#K» (NPF(ltJ»U »J=l»li) 

IF fKlD.NE.mi GO TO 90 

IF (K.NE.I) SO TO 95 

20 CONTINUE 

WRITE (6fl03) 

DO 30 Isljll 

READ (5,104) KID»K, (AFT(I»J) »J=1,11) 

WRITE (feflOS) KlU»K,(AFT(IiJ).J=1 .11) 

IF (K.NE.I) GO TO 95 

IF tKID.NE.14) GO TO 90 

30 continue 

WRITE (6>1Q6) 

DO 40 1=1*11 

R E AP 126 ? K1D»K,(KFREQ(1.J),J=1,11),NSPE(I)»NCPE(I)*NCTAP(I). 

imsrl 

WR1TE(6.127) KID*K,(KFREQ(1.J),J=1.11),NSPE(1)*NCPF(T)*NCTAP(1)> 

imsrl 

if (K1D.NE.14) go to 90 

IF (K.NE.I) GO TO 95 

«»0 CONTINUE 

WRITE (6»112) 

DO 45 ISlfll 

READ(5*116) KID*K* (NSFUd, J) * J=1 * 11) » (NCFI J( 1 ,K1 ) *Kl=l * 11 ) 

WRITE(6.117) K1D*K,(NSFIJ(I.J).J=1*11),(NCF1J(I.KH*K1=1*11) 

IF (KID.NE.14) GO TO 90 

IF (K.NE.I) GO TO 95 

45 continue 

NPTOT = 0 

KID=47 

DO 79 IS 1*11 

NOPI = 0 

DO 75 J=l*ll 

FS=NSF1J(I*J)/(NSFIJ(I*J)+NCFIJ(I*J) ) 

FC=1.-FS 

CT=KGTCT(I*1*L)+KGTCT(I*2*L)+KCT0L(I*3*L)+KCT0L(I*i*L)+ 

1KCT0L(J.2.L)-»KCT0L(J*3*L)-»KGTCT(J*1*L)»KGTCT(U*2*L) 

STsKGTST ( I * 1 * L) +KGTST ( I * 2 * L) +KST0L ( I * 3 * L ) +KSTOL ( I * l * L > ♦ 

lKST0L(U.2*L)*KST0L(J*3*L)»KGTST(J*ltL)»KGTST(J*2*L) 

AFT(I*J) = AFT(I*U) * 60.0 


TT=AFT < I » J) +ST*FS+CT*FC 

DIST=KP1ST(I>J) 

FRO =KFREQ(IfJ) 

FACTI = 1-EXP(-(0.0542*PIST**0.41 )*FRQ»»(2.0»PIST»>(-0.bl2))> 
FACT2=<EXTT(I»J)/TT)**0.035 

AUX=NPF(I»J»L) 

TR = TR ♦ RPM*PIST*AuX*FACT1*FACT2 

NPF(I>JtU)=AUX»FACTl»FACT2 

NOPI=NOPI+NPF(I*J»L) 

NPTOT = NPTOT ♦ KUIST ( I » J) »NPF ( I . L) 

75 continue 

TOT = NCPE(l) * Nj>PE(I) 

FSl = NSPE(I) 

FS2 = NCPE(l) 

FS3 = NOPl 

NSP(l) = FS3 ♦ tFbl/TOT) 

NCP(I) = FS3 * (FS2/T0T) 

WRITE (6>122) KlU»NCTAP(H»l>NSP(l)tNCP(l)>MSRL 

79 continue 

WR1TE(6.130) L.TRrNPTOT 

eo continue 

90 WRITE (fe>124) 

STOP 

95 W H1TEC6 ,1 25) 

END 
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